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INTRODUCTION
Review of the Literature
The grasslands in the region of Missoula, Montana, 
provide a particularly interesting subject for study since 
they occupy, as this study indicates, an ecological and geo­
graphic position that is intermediate between some of the 
major grassland associations described in the United States 
and Canada. The prairies of western Montana have received 
only incidental treatment in the literature, wherein they 
have been classified as Palouse bunch grass prairie (Clem­
ents, 1920; Shantz, 192^; Morris, 19^6, 1957)* The term 
Palouse originally was applied to the grasslands of south­
eastern Washington and adjacent Idaho. Both Weaver (1917)
I and Daubenmire (19^2) have treated the above grasslands in 
I detail.'î'
Other grasslands have been compared to the Palouser* prairie of Washington and Idaho, outlining to some extent the 
distribution of the bunch grass prairies in northwestern 
United States and neighboring Canada. Stoddart (19^1) des­
cribed the grasslands in the valleys of northern Utah as 
being "unquestionably true Palouse p r a i r i e B r i t t o n  (1955) 
studied a relict piece of bunch grass prairie in southwestern
•îî-According to these authors, in all likelihood the 
early Jesuit missionaries were the first to use the French 
term nelouse (green sward) in reference to the region, thus 
leading to the present terminology.
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Montana east of the Continental Divide. Wright and Wright 
(19^8) described grasslands of the Palouse prairie type In 
south central Montana where bunch grasses meet the mixed 
prairie of the Great Plains, Heady (1950) reported Isolated 
stands of Palouse prairie throughout central Montana, mostly 
at higher elevations. Lynch (1955) made some comparisons 
with Palouse prairie In a study of grasslands on the eastern 
edge of Glacier National Park.
Tisdale (19^7) reported the extension of Palouse 
prairie elements Into southern and central British Columbia 
west of the Continental Divide. Moss (19^^) found some Pa­
louse prairie representatives In the grasslands of south­
western Alberta (east of the Continental Divide), Moss and 
Campbell (19^7) further reported on the extension of some 
aspects of Palouse prairie into central Alberta.
Statement of Problem
The grasslands of the intermontane system west of the 
Continental Divide in Montana are notably lacking for de­
tailed descriptions. It was the purpose of this study to 
determine the composition and distribution of the principal, 
climax grassland communities in the region of Missoula, Mon­
tana. In so doing, the ecological affinities of the taxa 
found to be present were studied by means of vegetational 
analyses. Also, some of the successlonal aspects were noted, 
and through a study of the literature, comparisons were made 
with other grasslands.
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After a presentation of the general background and 
descriptive information and the methods of study, the com- 
posiUon of the grassland is discussed with respect to two 
major climax community types. The role of shrubs in the 
local grasslands also is discussed, and the results of a 
study of the first-year effects of fire are presented.
GEOLOGY AND SOILS
The piajor geologic occurrences that have shaped the 
physiography of western Montana began in the late Mesozoic 
era. The highlands formed during the Rocky Mountain Revo­
lution (late Cretaceous and early Eocene) were later reduced 
by erosion and the basins largely filled with sediment.
Thus, the region was brought into relatively low relief by 
Miocene time (Miller, 19^2). Subsequent uplifting and ex­
tensive erosion have produced the changes that have shaped 
the present topography, which is referred to in this study 
as the intermontane system of western Montana. It is bounded 
on the east by the Continental Divide and on the west by the 
Bitterroot Mountains. The intervening region is marked by 
an irregular occurrence of mountains and valleys.
The uplifting of the Cascade Mountains in western 
Washington and Oregon during the Quarternary also was a sig­
nificant occurrence in that it created an obstruction to the 
eastward flowing Pacific air masses. The resulting "rain 
shadow effect" has served to reduce the influence of these 
air masses upon the climate of this intermontane system.
The depressions, or valleys, of the northern Rocky 
Mountains have been described as "Tertiary Lake Beds" (Fen- 
neman, 1931) and are important to this study since they con­
stitute the principal grassland sites of today. The valley 
floors were probably reduced to local peneplains in late
4
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Tertiary by stream action and later terraced by rejuvenation 
of the streams.
One prominent valley system, the Rocky Mountain Trench, 
composes much of the prairie habitat found in western Montana 
today. It extends northwest 800 miles from Flathead Lake 
into British Columbia and south for another 150 miles through 
the Mission, Missoula, and Bitterroot valleys (Fenneman,
1931).
The Purcell Trench, which joins the Rocky Mountain 
Trench in Canada and extends into the panhandle of Idaho, 
also is important to the geologic history of this area. Ac­
cording to Pardee (1910) and Alden (1953), the Purcell Trench 
provided a pathway for a lobe of the Cordilleran ice sheet 
during the Pleistocene glaciation. This lobe of the ice 
sheet dammed the Clark Fork River (during the final stages 
of the Wisconsin) near what is now the Montana-Idaho border. 
The impounded waters of the Clark Fork formed "Glacial Lake 
Missoula," which attained a level of about 4,200 feet with 
a depth of 1,000 feet at what is now the site of Missoula.
A system of parallel terraces prevalent on hillsides through­
out the region was the first evidence of the lake noted by 
an early investigator (Pardee, 1910). It was concluded 
that these were "wave terraces" denoting shorelines of a 
lake that had different depths throughout its history. (See 
Figure 7.)
The formation of "glacial Lake Missoula" resulted in
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distinctive soil situations developing in certain areas of 
the region. Rock flour which was ground and washed out of 
the glaciers to the north settled in some regions to form 
huge silt and clay deposits. Varved remains indicate that 
such a deposit was laid down in the form of an extensive silt 
terrace west of Missoula. Much of the deposit was eroded 
away by the Clark Fork when the lake was drained, but boulders 
and gravel deposited on the terrace by the meandering river 
prevented its complete obliteration (Alden, 1953)* The silt 
deposits have provided a deep, albeit heavy parent material 
for soil formation.
Since the recession of the glaciers the normal degra- 
dational and aggradational processes represent the main 
geologic forces that have been at work in the region.
In addition to the lacustrine deposits, the parent 
material for much of the soil of the region is comprised of 
pre-Cambrian Belt sedimentary formations and intrusive gra­
nitic bodies. According to Pardee (19^2), these "weather to 
a rubble and finally to a fine grained sand-clay soil."
It was found in the present study that the soil situ­
ation in the local valleys is a particularly complex one.
Soils are present that have been derived from bed rock, from 
mixed alluvial and morainic deposits, and from very fine to 
very coarse textured lacustrine deposits. Often a number of 
different deposits are pertinent to the soil situation of a 
single site.
DESCRIPTIVE AND HISTORIC INFORMATION
Description of Area
The area in which the study was made can best be des­
cribed in terms of the valleys of the region with Missoula 
as the hub. To the east of Missoula lies Hellgate Canyon 
traversed by the Clark Fork River flowing in a northwest­
ward direction. The canyon opens abruptly into the site of 
Missoula on a broad valley floor with dissected terraces on 
the north and south. The Clark Fork continues its north­
westward flow from Missoula through a broad valley until it 
narrows to a gorge about 24 miles distant. (See Figure 3.) 
To the south of Missoula lies the Bitterroot Valley, about 
70 miles in length, with the Bitterroot River Joining the 
Clark Fork Just west of Missoula.
The broad Mission Valley extends for about 4o miles 
north of Missoula with a low pass intervening between it and 
the valley site of Missoula. The Blackfoot Valley inter­
sects Hellgate Canyon about five miles east of Missoula and 
extends northeasterly, opening into prairie country in its 
upper portion about 30 miles distant. Hellgate Canyon runs 
southeasterly from Missoula and broadens gradually into 
prairie country toward its eastern inlet about 4o miles dis­
tant. These valleys and the drier mountain slopes above the 
valleys compose the principal grasslands of the region in 
which the study was made.
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Since practically all of the region under study Twas 
either inundated by "Glacial Lake Missoula," or glaciated by 
continental or mountain glaciers (the bulk of the region was 
under the lake), the complete revegetation of the region was 
necessary following the glacial period. The floral history 
of western North America throughout the Tertiary determined 
the taxa available for this revegetation process.
Floral and Climatic History
The floristic history indicates that through the pro­
cesses of migration and evolutionary change the present day 
flora of the region has a diverse lineage with origins in 
flora of subtropical, cool temperate, and arid characteris­
tics. According to Chaney (19^7) and Clements and Chaney 
(1936), fossil finds indicate that an ecotone situation, re­
flecting the influence of subtropical conditions to the south 
and temperate conditions to the north, prevailed in what is 
now the northern reaches of the United States in the early 
Eocene. An aggregation of temperate flora (termed the Arcto- 
Tertiary Flora) occupied the Alaskan region and apparently 
migrated south as conditions became drier and cooler in the 
Tertiary. Collections by Earl Douglass (Jennings, 1919) 
north of Missoula indicate that the local area was dominated 
by temperate flora in the Oligocene.* Jennings identified
The finds were made in Oligocene beds of volcanic 
ash, thought by Douglass to have been wind deposited on a 
shallow lake.
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species of Sequoia. Thuyopsis. Sabina, Typha. Cyperacites, 
Populus. JugIans. Betula, Alnus. Quercus. Ficus. Ilex, and 
Vaccinium in the collection.
According to Axelrod (1950) the cool, temperate floral 
elements came in contact vuith an aggregation of flora, in 
what is now southwestern United States, that typified dry, 
warm conditions. This aggregation has been termed the Madro- 
Tertiary Flora. The subsequent spread of the Madro-Tertiary 
floral elements indicate a drying and warming trend in the 
late Tertiary. It is inferred by Clements (193^, 1936) and 
Axelrod from the ample fossil evidence of grazing animals, 
such as horses, camels, and antelope, which are closely as­
sociated with prairie habitats, that grasslands were wide­
spread in this period. It was thought by these authors that 
the grassland vegetation was of a generalized prairie nature 
with its origin chiefly in the Arcto-Tertiary Flora. It was 
further thought that the reduction of summer rains in the 
area to the north of that occupied by the Madro-Tertiary 
Flora favored those grasses that have their present day deri­
vatives in the coastal and northwest bunch grass prairies.
The several glacial ages during the Pleistocene 
caused.north and south fluctuations in floral distributions, 
and Axelrod surmised that during this time the bunch grass 
prairies were more extensive than they are today.
The trend of events in the Pacific northwest since 
glaciation is indicated in the pollen analyses conducted by
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Hansen (19^8, 1955). lodgepole pine is the species most 
abundantly represented in the lower levels of post glacial 
sedimentary beds. Grasses, chenopods, and composites are 
principally represented in the middle layers of the deposits, 
and ponderosa pine is most abundant in the uppermost levels. 
The evidence indicates a cool, mesic climate early in post 
glacial history, this followed by a warmer and drier period, 
which finally reached its maximum and was succeeded by the 
cooler, more moist climate that is now prevailing. Hansen 
(1955) estimated the post glacial age of the sedimentary 
beds examined at 10,000 to 12,000 years.
History of Use by Man
The local history implies that the grasslands of these 
western Montana valleys were probably subject to some inten­
sive usage even before white men settled here. Lewis and 
Clark, upon crossing the Bitterroot Mountains into the upper 
end of the Bitterroot Valley, met a group of Salish (Flat­
head) Indians, and with the Indians (the explorers estimated) 
were 500 horses (Hosmer, 1903). It is common knowledge that 
the Indians of these valleys were famous for their large num­
bers of fine horses. Considering the limitations of the 
grasslands in the narrower valleys, it is quite possible 
/ that many of the more desirable grazing areas, especially 
along the rivers, were often subject to intensive grazing. 
However, the fact that the Indians were nomadic would provide 
some relief for the grasslands.
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All of the grasslands have come under usage since 
white men began settling the valleys in the middle l800*s. 
Most of the bottom lands are under irrigation, now, chiefly 
for raising hay and sugar beets, and also for truck farming. 
Orchards are maintained on some of the benchlands above the 
rivers, and grain fields are present on much of the flatter 
terrain that cannot be irrigated. However, most of the 
grasslands on the rough terrain away from the rivers have 
been left to grazing. Cattle dominate the scene today, 
sheep and horses having diminished from their past numbers.
CLIMATE
The mountain ranges on the east and west of this inter 
montane system of western Montana have a marked effect on 
the climate of the region (Weather Bureau, 1957). The Con­
tinental Divide on the east acts as a modifying influence in 
the winter, since it serves as a barrier to the cold waves 
that descend upon the eastern Montana plains.
However, it is the Bitterroot range on the west that 
has the greatest effect on the climate of the region. The 
prevailing winds are from the west, and these air masses 
from the coastal regions are forced to drop much of their 
moisture on the western slopes of the Bitterroots. Previous­
ly, these same air masses have lost much of their moisture 
over the Cascades along the Pacific coast. As a result the 
western Montana valley regions are classified as semiarid.
Climatic differences are also indicated within the 
region of study. In the Missoula area the precipitation 
generally is from 12 to 15 inches annually. A drier climate 
is indicated for the Bitterroot Valley to the south, which 
is more directly under the "rain shadow Influence" of the 
taller ramparts of the Bitterroot Mountains. Likewise, a 
drier climate is indicated for the eastern portion of Hell­
gate Canyon in the vicinity of Drummond. This area lies in 
the "rain shadow" of the Sapphire Mountains, which intervene 
in a broad region between the Bitterroot range and the Con-
12
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tinental Divide. The study area to the north in the upper 
regions of the Blackfoot Valley is the most mesic, apparently 
benefiting from greater amounts of moisture dropped at the 
higher elevations true of this region.
Precipitation records available for four stations 
close to areas in which detailed studies were conducted in­
dicate the climatic differences within the study region.
The figures in parentheses represent the number of years 
included in figuring the average annual precipitation. 
Missoula (6l yrs.) .............................  14.09 in.
Bitterroot Valley (Stevensville, 42 yrs.). . 12.63 in.
Blackfoot Valley (Ovando, 52 yrs.)............  16.96 in.
Eastern Hellgate Canyon (Drummond, 22 yrs.). 11.60 in.
The lowest precipitation figure on record for Missoula was 
7.80 inches in 1888, and the highest was 22.43 inches in
1891.
A significant factor concerning the climate of the 
bunch grass prairies of the Northwest is the distribution of 
precipitation throughout the year. Shantz (1924) described 
the conditions under which the bunch grasses of the North­
west develop as being characterized by (1) an insufficient 
moisture supply for the development of a dense stand during 
the growing season, and (2) the presence of considerable 
moisture to a depth of several feet at the beginning of the 
growing season.
According to Daubenmire (1942) from 65 to 70 per cent 
of the precipitation occurs through the October to March
14
period on the Palouse prairie west of the Bitterroots, The 
climatic information for the Missoula region indicates that 
it is more in an intermediate position between the Palouse 
prairie to the west and the mixed grass prairie to the east. 
According to data compiled by Williams and Monson (194?) 
about 44 per cent of the precipitation occurs through the 
October to March period in the Missoula region, whereas only 
29 per cent occurs during the same period at Miles City on 
the mixed grass prairie in eastern Montana. Miles City re­
cords an average annual precipitation of 13.08 inches (69- 
year period), a figure that falls well within the range of 
those listed for the four stations on the local bunch grass 
prairie.
Figure 1, page 15y compares graphically the annual 
moisture distribution recorded by the Missoula and Miles City 
stations. Table I presents the average monthly precipitation 
and temperature figures for Missoula for the period 1905 to 
1956.
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Figure 1. A comparison of the distribution of precipitation at 
Miles City, Montana, in the mixed grass prairie of the Great Plains, 
and at Missoula Montana, in the bunch grass prairie of the Northwest* 
Precipitation is represented in inches.
TABLE I
AVERAGE MONTHLY PRECIPITATION AND 
TEMPERATURE FIGURES FOR 
MISSOULA (1905-1956)
Jan. Feb. Mar* Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Avg.
Prec. .98 .86 .88 1.03 1.83 2.02 .97 .82 1.22 1.06 1.09 1.11 13.87
Temp. 22.1 27.3 35.5 4-5.4 53.2 59.8 68.1 66.3 56.5 45.7 33.2 25.4 44.9
METHODS AND PROCEDURES
Preliminary- investigations were made in the field dur­
ing the spring, summer, and fall of 1957, and the more de­
tailed plot studies were conducted in the spring and summer 
of 1958. As in all studies of this kind, the location of 
suitable stands for study presented a difficult problem. No 
stands were found that were known to be true relicts, al­
though many of the ones used were considered fair represen­
tations of the climax condition. Some of those used were 
definitely in a subclimax state.
Study sites were selected in the Missoula, Bitterroot, 
and Blackfoot valleys and in the Hellgate Canyon. Observa­
tions were also made in the Mission Valley to help determine 
the distribution of the major, climax community types. A 
total of 13 different stands were selected in eight different 
site areas for vegetational analysis according to the follow­
ing described method, which was adopted from Daubenmire (1958)
A tenth-meter (20 x 50 cm.) heavy wire frame quadrat 
was utilized to obtain both the frequency and canopy cov­
erage of the species occurring in the stands selected for 
study. Three sets of permanent stakes (foot-long spikes 
with wire loops) were driven in each stand so that a 50-foot
**Climax* is here used in the polyclimax sense —  
that is, any relatively stable and definable community oc­
cupying a fairly uniform habitat. A 'community type* is 
considered to be recognizable by its generic dominants.
16
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steel tape could be stretched, taughtly, betiween each set.
The quadrat, with foot-long legs, was placed at regular in­
tervals along the tape in making the analysis. By placing 
the quadrat at 3-foot-10-inch intervals along three 50-foot 
tape lines, with one additional placement along one of the 
tape lines, 4o stations were obtained for the quadrat in each 
stand. (Daubenmire found for the vegetation of southeastern 
Washington that 4o quadrat stations in a stand were suf­
ficient.) An attempt was made to locate the stakes so as to 
analyze what represented the best development of the com­
munity under the most uniform conditions.
Canopy coverage*®’' of each species occurring in the area 
of the quadrat at each station was estimated on the basis of 
six classes, as follows :
Class 1 -- up to 5% coverage
Class 2 —  between 5% and 25^ coverage
Class 3 —  between*25^ and ̂ 0% coverage
Class h —  between 50% and 75% coverage
Class 5 —  between 75% and 95% coverage
Class 6 -- between 95% and 100^ coverage.
The frame of the quadrat was painted as an aid in the esti­
mating process. (See Figure 2.)
^Daubenmire defines canopy coverage as "percentage of 
ground covered when a polygon drawn about the extremities of 
the undisturbed canopy of each plant is projected upon the 
ground, and all such projections on a given area are summed."
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Periodic visits were made to each stand throughout 
the growing season in order to tally each species at its 
maximum period of growth. A plant was estimated for cover­
age if any part of the plant extended into the area of the 
quadrat. The frequency of each species was determined from 
the coverage data, yielding the type of frequency termed 
* shoot frequency* (Greig-Smith, 1957).
In tallying the coverage classes the middle value of 
each class was used, as follows:
Class 1 = 2 .
Class 2 » 15^
Class 3 = 37.5^
Class h = 62,5^
Class 5 ® 85^
Class 6 = 97.5^
The class tallies were totaled and divided by 4o to obtain 
the average per cent coverage in a stand for each species.
Additional quantitative data were obtained by using 
1 X 10-meter constancy plots. Constancy plots were marked 
off on all of the eight different site areas used for vege­
tational analyses, and some additional plots were located 
throughout the region. Periodic visitations were made dur­
ing the growing season so as to enumerate the species occur­
ring in the plots, thereby obtaining a measure of their con­
stancy of occurrence within the different community types.
The frequency, constancy, and canopy coverage data
19
provided both a floristic and a vegetational analysis of the 
major community types. The floristic analysis determined the 
kinds of plants present. The vegetational analysis indicated 
the ecological affinity of a species for a community type by 
obtaining quantitative measurements of its representation in 
stands of each type. (See Egler, 19^7, and Dansereau, 1951.)
Soil samples from the A and B horizons of most of the 
stands selected for study were analyzed for texture by means 
of the Bouyoucos hydrometer method.
DISTRIBUTION OF CLIMAX
COMMUNITY TYPES
Since the bulk of the Twork and observations for the 
present study were made in the vicinity of Missoula, the re­
sults and generalizations drawn from the study apply more 
particularly to this locale, and only provide an indication 
of the composition of the grasslands in the surrounding val­
leys. Any characteristics that were noted to be peculiar to 
a particular area because of geography, climate, or any other 
reasons will be brought out more in detail later in the dis­
cussion.
Within the regimen of this intermontane system the 
actual domination of a site by grass or timber is dependent 
upon climatic conditions as modified by edaphic factors, and 
factors of exposure, slope, elevation, and valley width. On 
University Mountain overlooking Missoula from the east, 
grasslands can be found dominating its westerly slope up to 
the summit at 5,000 feet, while timber occupies the northern 
slopes and narrow canyons to the valley floor at 3>250 feet. 
(See Figure 4.) The grasslands themselves may register sharp 
differences in their floral associations with only small 
changes in the environment.
For the purpose of this study two principal community 
types were recognized as prevailing in the climax condition 
throughout the study region. The two types are characterized 
by their generic dominants. One is an Agronvron type, and
20
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the other is a Festuca type. The Agropvron community type is 
dominated by Agropyron spicatum with Poa secunda in a secon­
dary role. The Festuca community type may be dominated by 
Festuca idahoensis or F. scabrella, or both, with Agropyron 
spicatum and Koeleria cristata varying in their importance to 
the community.
The wheatgrass (Agropyron) community type occupies 
the drier grassland sites while the fescue (Festuca) communi­
ty type occupies the more favorable sites (with respect to 
moisture conditions). The distribution of the two community 
types in the vicinity of Missoula does not lend itself to 
zonation since an Agropyron site readily grades into a Fes­
tuca site wherever compensating factors, such as exposure 
and slope, render the site favorable to the more mesic fescue 
grasses and associated herbs. However, this pattern of dis­
tribution may vary, such as at the higher elevations and in 
the narrow canyons at lower elevations where the grassland 
sites in general are favorable for the Festuca community type
Two phases, depending on the moisture factor, are 
recognizable within the fescue community type. The most 
mesic phase is dominated by Festuca scabrella and drier phase 
by F. idahoensis. The adaptations of the two grasses with 
respect to the moisture factor are well represented on Uni­
versity Mountain with its series of "wave terraces." On a 
slope of 22® to 25® F , idahoensis is dominant in association 
with Agropyron spicatum, while F. scabrella is present in
i
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lesser amounts. However, with an increase in slope to over 
25^ F. scabrella becomes the dominant. (See Figure 7.) The 
wave terraces and the steepened slopes just above the ter­
races have a moisture advantage due to (1) the reduced inso­
lation on the steeper slopes, and (2) accumulation of snow 
in the declivities at the base of these slopes.
The three dominant grasses can sometimes be found in 
situations within a small area which clearly demonstrate 
their ecology. In the Tertiary terrace just north of Mis­
soula there is a small piece of dissected terrain with some 
of the vegetation in near climax condition. Erosional ac­
tivity has cut out a series of small, rounded bluffs in a 
fairly deep gully on "Waterworks Hill." On the south expo­
sures and crests of these bluffs Agropyron spicatum predomi­
nates. Towards the western slope of the bluff Festuca 
idahoensis makes an appearance, increasing in importance 
until on the west to northwest slope it predominates. Fes­
tuca scabrella is present, sparingly, but increases in abun­
dance towards the north slope until it dominates on the 
steeper portions of the north slope. (See Figure 5.) A 
situation equivalent to that just described also was found 
on the National Bison Range in the Mission Valley, (See 
Figure 6.)
This, of course, is a generalized distribution pat­
tern that is not realized in all areas of the study region. 
Some of the modifications will be taken up more in detail in 
the descriptions of the two community types that follow.
THE AGROPYRON COMMUNITY
Results of Vegetational and Soil Analyses
Analyses were conducted on six stands of the Agro­
pyron community type in three general areas within the 
region of study. Three of the stands were located in the 
broad valley area about six, miles west of Missoula, two of 
them in the Bitterroot Valley about l4 and 18 miles due 
south of Missoula, and one toward the eastern end of Hell- 
gate Canyon about 37 miles southeast of Missoula, (Mileage 
represents approximate air miles.) Detailed data from the 
mechanical analyses of soil samples and from the vegeta­
tional analyses are presented in Tables 11 and 111 on the 
following pages.
The canopy coverage method of vegetational analysis 
affords some means of estimating the relative productive 
capacities of the various sites studied. By adding the per 
cent coverage figures obtained for all of the species that 
registered in the analysis of each stand, one can arrive at 
an absolute coverage figure. Although the coverage values 
are percentage figures, the total may well achieve a figure 
in excess of 100, reflecting the layered and periodic aspects 
of growth on a single site.
Table IV summarizes the total coverage values obtained 
for each of the six stands with a breakdown for (1) grasses 
and sedges and (2) forbs.
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TABLE II
RESULTS OF MECHANICAL ANALYSES 
OF SOIL SAMPLES FROM 
AGROPYRON STANDS
2k
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 4 5 6
State 
Township 
LOCATION Range
Section
Quarter
Mont.
TIAN
R20W
21
NE
Mont.
T14N
R20W
33
NW
Mont.
T14N
R20W
33
NW
Mont.
TION
R20W
25SE
Mont.
TION
R19W
6
SW
Mont.
TllN
R13W
21
NE
SandwAn
Silt
HORIZON
Clay
56.5%
24.2
19.3
6.3%
30.9
60.8
6.3%
30.9
60.8
16.5%
14.9
8.6
48.3%
28.4
23.3
41.9%
32.9
26.2
CLASSIFICATION SandyClay Clay Clay
Sandy
Loam
Clay
Loam
Clay
Loam
Sand
"B"
Silt
HORIZON
Clay
62.9%
15.4
21.7
6.1%
30.9
61.0
6.1%
30.9
61.0
74.9%
10.3
14.8
49.7%
21.3
29.0
45.8%
27.1
27.2
CLASSIFICATION SandyClay Clay Clay
Sandy
Loam
Clay
Loam
Clay
Loam
MISCELLANEOUS
Rocky
with
some
gravel
Some 
rock*on 
varved 
deposit
Some 
rock«on 
varved 
deposit
On deep
sandy
deposit
Rock
and
gravel
Rocky
with
some
gravel
NOTE; One soil sample was analyzed from the varved silt deposit 
in the area of Stands 2 and 3-
TABLE I I I
DETAIL OF CANOPY COVERAGE, FREQUENCY, 
AMD CONSTANCY DATA FOR 
AGROPYRON STANDS
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 \x 5 6
ELEVATION (feet) 3180 3190 3190 3300 3300 Woo
Exposure 
SLOPE Per Cent
W
0-1
SE
3
SW
2
W
lU-16
s
7-9
wsv
3-5 AVG.for
six
stands
CON­
STANCY 
total 
of nine 
plotsSOIL CLASSIFICATION
Sandy
Clay Clay Clay
Sandy
Loam
Clay
Loam
Clay
Loam
Figure preceding / is per cent canopy coverage; that following / is per cent frequency
GRASSES & SEDGES
Gramineae
Agropyron smithii 1.1/6 .2/1.3 9
A. spicatum Zh/100 60/100 65/100 32/85 51/100 52/100 1*7/98
Bromus commutatus •1/3 t/.5
B, tectorum .3/10 5.9/80 8.1/95 .1/5 2.1*/32 5
Festuca octoflora .Vl8 1.5/60 18/100 .5/20 3.1*/33 5
Koeleria cristata 17/95 1.1/8 11/78 1.9/15 5.1/33 6
rova
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 5 6 Avg. Const.
Gramineae (cont'd.)
Poa pratensis 1
Poa secunda 10/88 5/88 5.3/88 5/63 h.2/h3 7.V95 6.2/78 9
Stipa comata 1.7/8 1.7/18 .6/1.3 3
S, viridula 1
Cyperaceae
Carex eleocharis •Vi5 2.3/W .7/9.7 2
FORBS
Boraginaceae
Cryptantha sheldonii .1/3 .1/.5
Lappula redowskii .3/13 l.l/li3 .2/9.3
Lithospermum ruderale 1
Mertensia oblongifolia .1/5 t/.8
Cactaceae
Opuntia fragilis .1/3 .3/10 .1/2.2 1
0, poljracantha 2 r\)o\
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 h 5 6 Avg. Const.
Caiyophyllaceae
Arenaria congesta 1.1/8 .2/1.3 1
Silene antirrhina 1.3/50 .2/8.3 1
Compositae
Achillea millefolium 1.9/28 6.1/60 3.5/15 1.9/22 6
Antennaria dimorpha .9/13 3.1/liO .6/10 .8/11 5
A. rosea 6.1/30 1.2/5 2
Artemisia frigida 2.8/50 7.3/78 1.7/21 2
Aster chilensis 1
A* fulcatus .1/3 t / .5 1
Balsamorhiza sagittata 1.5/10 .3/1.7 3
Chrysopsis villosa .1/5 2.5/25 .1/5 .5/5.8 3
Chrysothamnus viscidiflorus l i . i / ia 1.3/13 .3/10 1/6.8 3
Girsium undulatum .1/3 .V5 .1/1.3 3
Erigeron compositus .1/3 t/.5
ro
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 h 5 6 Avg. Const.
Compositae (cont*d,)
Erigeron divergens .1/5 t/.8 1
E. foliosus 1
E. pumilis .2/8 t/1.3 h
Gaillardia aristata .1/3 t/.5 1
Haplopappus acaulis b.k/20 .7/3.3 1
Lactuca scariola .3/13 .1/5 .1/3 k
Senecio canus 2.1/33 .1/5 .l*/3 .1/6.8 2
Taraxacum laevigatum 1
T. officinale 2
Tragopogon dubius li.3/58 .6/10 .6/10 1.2/23 .2/8 1.1/18 1.3/21 9
]rueiferas
Alyssum allysoides 8.6/90 .1/3 1.5/16 3
Arabis holboellii 1/28 .1/3 3.6/80 .8/19 li
A, nuttallii 1 ro03
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 1* 5 6 Avg. Const,
Cruciferae (cont*d*)
Camelina microcarpa .1/5 .1/3 .5/10 .1/3 3
Descurainia sophia .3/10 .1/3 .1/3 .1/2.7 2
Draba verna .1/5 t/.8 1
Lepidium virgin!cum .8/30 .1/5 2
Sisymbrium altissimura .1/3 .1/3 .1/5 .1/1.8 1
Hydrophyllaceae
Phacelia leucophylla .U/3 .1/.5
P, linearis .2/8 .3/10 .1/5 .1/1 6
Leguminoseae
Astragalus agrestis .2/8 t/1.3 1
A, decurabens 3.6/33 .6/5.5 2
A, inflexus 3.8/33 .6/5.5 1
A, purshii .8/5 .8/5 .3/1.7 It
Astragalus sp. 1
rovO
Missoula Valley Bitterroot
Hell-
gate
STAND NIHBER: 1 2 3 li 5 6 Avg. Const.
Leguminoseae (cont'd*)
Lupinus leucophyllus 1
L. sericeus 3.V28 5.1/33 1/5 5.6/30 2.5/16 5
Vicia americana 1
Liliaceae
Fritillaria pudica .1/3 .1/5 t/1.3 5
Malvaceae
Sphaeralcea coccinea .1/3 t/.5
Onagraceae
Epilobium paniculatum 2.2/63 9/88 2. li/60 .3/13 .8/30 .1/18 2.5/Ii5 9
Clarkia pulchella 1
Saura coccinea .2/6 t/1.3
Plantaginaceae
Plantago purshii 1.6/ltO .2/8 7.5/88 1.1/15 1.7/30 5
u>o
Missoula Valley Bitterroot
Hell.
gate
STAND NUMBER: Avg, Const•
Polemoniaceae
Collcmia linearis 
Linanthus septentrionales 
Microsteris humilis 
Phlox douglasli 
Polygonaceae 
Eriogonum umbellatum 
Polygonum majus 
Portulacaceae 
Lewisla rediviva 
Primulaceae 
Androsace occidentalis 
Ranunculaceae
Delphinium bicolor 
Rununculus glaberrimus 
Santalaceae
Comandra pallida
1.8/58
1.8/78 1.8/68
1/28
1.1/30
1.9/18
6.6/68
.5/20
6.1/83
.5/8
.6/13
t/3 .k/5
.2/8
.1/3
1.6/65
1/15
2.6/13
.1/5
.5/8
.7/15
.8/8
2.5/50
6.1/58
.V3
.1/3
3.1/38
1.1/43
.5/14
.4/6.3
3.8/63
1/9.7
.1/.5
.1/2.7
.8/11
.7/23
.3/3.8
.4/7.2
3
1
8
2
3
1
Missoula Valley Bitterroot
Hell-
gate
STAND NUMBER: 1 2 3 1* 5 6 Avg. Const#
Saxifragaceae
Lithophragma bulbiferum 18/98 3/16 2
Scrophularlaceae
Penstemon payettensis 1
TJmbelliferae
Lomatium macrocarpum 5.9/50 1.6/3 1.1/18 l.li/12 3
L. montan'um 1
L. triternatujn 1.6/13 .1/5 .1/3 .5/8 .VU. 8 3
wro
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TABLE IV
SUMMARY OF CANOPY COVERAGE DATA 
FOR AGROPYRON STANDS
STAND NO. 1 2 3 4 5 6 Avg.
Grasses 
& Sedges 52.3 66.6 70.1 57.0 80.9 65.5 65.4
Forbs 37.7 32.0 7.9 54.9 38.2 36.8 34.4
TOTALS 90.0 98.6 78.0 111.9 119.1 102.3 99.8
NOTE; Each figure represents the total per cent cov­
erage for all of the species that registered within that 
class of vegetation in the analysis of each stand.
The preponderance of grass coverage (in relation to 
forb coverage) on four of the stands is a good diagnostic 
characteristic of the typical Agropyron site. Stands 1 and 
h reflect a subclimax condition in which Agropyron spicatum. 
though still the dominant species, is definitely reduced in 
abundance.
The moisture economy in effect on the wheatgrass sites 
is evidenced by the spacing of the well-developed bunches of 
Agropyron spicatum and the scarcity of forbs in the inter­
vening spaces. Outside of the dominant grass the most evi­
dent growth generally is Poa secunda early in the season.
The small tufts formed by its habit of growth rarely exceed 
six inches in height and more often are from two to four 
inches. They mature early and usually become wilted in June.
The obvious differences in production on sites that 
are ecologically similar reflect a variety of conditions.
The greater production on Stand 2, with 98.6 per cent cov-
3^
erage, as compared to Stand 3, with 78 per cent coverage, 
is particularly striking because of their proximity and 
identical soil situations. The stands were located on a 
varved silt deposit west of Missoula within 100 yards of 
each other and were considered the most stabilized of the 
six stands. The difference in coverage is due to a much 
greater coverage of forbs in Stand 2 and reflects a differ­
ence in exposure. Stand 3 was the drier site because of its 
southwest exposure, whereas Stand 2 had a southeast exposure. 
It was observed throughout the area that the grassland sites 
in the drier situations on the varved silt deposits were 
notable for their scarcity of forbs.
The more mesic condition of Stand 2 also was reflec­
ted in the tendency of Agropyron spicatum to show a rhi- 
zomatous instead of a bunch grass habit of growth on the 
most favorable spots. This is characteristic of Agropyron 
spicatum in the more mesic situations.
The greatest total coverage was registered on Stand 5 
located in the Bitterroot Valley on a south facing slope with 
a rocky and gravelly, clay loam soil profile. (See Figure 
11.) This high coverage on a relatively dry site was the 
result of an abundance of the annuals Festuca octoflora, 
Bromus tectorum, and Plantago purshii. This stand was lo­
cated in a pasture that is used every year as a spring graz­
ing range for cattle. Much of the grazing pressure is 
exerted upon the early developing Poa secunda instead of
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the more coarse bunches of Agropyron spicatum (with their 
persistent, dried up stems of previous years* groivth). The 
pressure on Poa secunda is evidenced by its low frequency 
(43 per cent) as compared to a frequency of more than double 
that amount on most of the other Agropyron sites.
The three annuals mentioned above appear as consistent 
components of the Agropyron community except on the heaviest 
soils. None of the three were found in the stands with the 
clay soil on the varved silt deposit.
The presence of Opuntia fragilis on three of the 
stands may be an indication of drier conditions that gen­
erally prevail in the areas that they represent. The cactus 
was present on the stands in the Bitterroot Valley and in 
the eastern Hellgate Canyon area.
The presence of certain other taxa in the most eastern 
extension of the study region may also reflect a geographic 
influence. Opuntia polyacantha and Sphaeralcea coccinea oc­
curred as definite components of the Agropyron community in 
the eastern Hellgate Canyon area, whereas they did not occur 
in any of the other stands. Sphaeralcea was observed along 
a roadside in the Bitterroot Valley but not as a part of any 
well developed Agropyron community observed in that area. 
Weaver and Albertson (1956) list Opuntia polyacantha and 
Sphaeralcea coccinea as important elements of the Great 
Plains grasslands to the east. Of the areas studied, the 
eastern Hellgate Canyon area is the one most accessible to
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grasslands located east of the Continental Divide. Haplo- 
pappus acaulis also formed a prominent part of this eastern 
Hellgate Canyon community but not of any stand observed in 
the other areas.
Some soil differences between the sites were reflec­
ted in the vigor of Agropyron spicatum. The growth of A. 
spicatum was shortest on the soils with the poorest perco­
lation characteristics. Measurements indicated that leaf 
lengths averaged four to five inches longer on sites with the 
better drainage characteristics. Average lengths were from 
19 inches to 2h inches on the more porous soils and from 15 
inches to 19 inches on the more poorly drained soils. Leaf 
lengths were shortest on the dry sites of the varved silt 
deposit. However, the bunches were more closely spaced, as 
indicated by the fact that Stand 2 had the highest coverage 
value for A. spicatum. (See Figure 9.)
Important Species Components of Agropyron Community
A list of the more commonly occurring species in the 
Agropyron community type can be obtained from the information 
in Table III. The list that follows includes only those 
species that were found in sufficient quantities to register 
in the canopy coverage analyses of all six stands.
Agropyron spicatum 
Epilobium paniculatum 
Lewisia rediviva 
Microsteris humilis
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Poa secunda 
Tragopogon dubius
The following list includes those species that did 
not occur in the two stands with the clay soil (on the varved 
silt deposit) but did occur in sufficient amounts to register 
in the canopy coverage analyses of the other four stands. 
Androsace occidentalis 
Bromus tectorum 
Festuca octoflora 
Plantago purshii 
It will be noted that all of the above species are annuals* 
One species, the green rabbit brush Chrysothamnus 
viscidiflorus. appeared in the analysis of the stands on the 
clay soil but did not appear in the analysis of any of the 
other stands*
The final list includes those species that occurred 
in what was considered significant abundance in one or more 
stands of the community analysis. (All species have an 
average coverage value of at least .7 per cent and a fre­
quency value of at least 9*7 per cent for the analysis of 
the six stands.)
Achillea millefolium
■*‘'This suggested affinity of Chrysothamnus viscidi- 
florus for heavy soils iè not borne out by the study~oF" 
Dàubénmire (19^2), who found it to be a characteristic plant 
of some sandy soils in southeastern Washington.
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Alyssum allysoides*"'
Antennaria dlmornha 
Arabis holboellii 
Artemisia frlglda 
Carex eleocharis 
Koeleria crlstata 
Lithophragma bulbiferum"*̂
Lomatium macrocarpum 
Luplnus sericeus 
Phlox douglasll 
Disturbance Aspects
The complex soil situation In the local valleys Is an 
Important factor for consideration In viewing the effects of 
disturbances. It has already been demonstrated (in the case 
with Stand 5) that a grazing disturbance on a dry site with 
a well drained soil led to a high Incidence of the annuals 
Bromus tectorum. Festuca octoflora. and Plantago purshii.
In this case Agropyron spicatum was not noticeably affected 
while Poa secunda definitely was reduced In abundance. Stand 
1, however, represents the more general rule where Agropyron 
spicatum Is reduced In abundance and Poa secunda and Koeleria 
cristata show an increase In abundance. (See Figure 19.)
*The Inclusion of Alyssum allysoides and Lithophragma 
bulbiferum may reflect the reduced dominance of Agropyron 
spicatum on Stands 1 and 4.
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Koeleria cristata apparently maintains a dual role In 
the Agropyron community: firstly It appears to a limited ex­
tent as an associate In the more mesic situations, and actual­
ly may be at Its optimum In the ecotone situation between the 
Agropyron and Festuca communities (a suggestion from obser­
vations only), and secondly Is able to Increase In abundance 
when there Is a reduction In the dominance of Agropyron spi­
catum. Koeleria cristata does not seem to be limited by 
soil conditions, except to the extent that other taxa may be 
better adapted to certain soil situations and thus In a 
better competitive position under those conditions. Poa 
secunda definitely appears to Increase In Importance on all 
soil situations with the reduction of the dominant Agropyron 
spicatum.
Other perennial grasses also may become Important com­
ponents of the Agropyron community type In a dlscllmax status. 
Agropyron smlthll Is well adapted to the heavier soils, since 
extensive communities of this grass can be found throughout 
the region on clay soils. (See Figure 13.) It may also 
occur on other soil types, but here It Is apt to be In com­
petition with other grasses that appear better adapted.
Stlpa comata Is abundant throughout the local valley regions 
and appears to be favored by soils with moderate to good per­
colation characteristics and to be restricted from clay soils 
without gravel In the profile. (See Figure 12.)
Arlstlda longlseta has become a conspicuous part of
4o
the grasslands of the region under certain conditions. South 
facing slopes with coarse textured or very gravelly or shale­
like soils are the most favored sites for invasion by this 
grass. (See Figure l4.) Considering its low palatibility 
(Reitz and Morris, 1939), it seems very possible that Aristi- 
da longiseta could continue to increase in importance on the 
dry sites with porous soils that are under severe grazing 
pressure.
Complete degradation of a site seems to pursue the 
following general course : (1) upon reduction of the domi­
nant Agropyron spicatum certain of the available grasses 
and forbs increase, (2) further pressure favors the forbs 
and weedy invaders, (3) until finally the site is reduced to 
sustaining only weeds and annual grasses. (See Figures 4, 
l4, 15, and l6.) Bromus tectorum is a conspicuous disclimax 
dominant over extensive areas, but more generally on Agropyron 
sites with sufficiently well drained soils. Any one of the 
three perennial grasses discussed above appears able to suc­
ceed the annual grass stage and become the dominant species.
One of the short grasses, Bouteloua gracilis. was 
found present as an invader on only one site in the Bitter­
root Valley, and that in an area that was very suitable to 
the growth of Aristida longiseta. It may occur elsewhere, 
but it appears to be quite rare. Poa compressa occurs spo­
radically on some disturbance sites of the more mesic type.
Some of the forbs that may become prominent in the
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prairie under various types of disturbances are Balsamorhiza 
sagittata. Lupinus spp., Achillea millefolium. Chrysopsis 
villosa. and Artemisia frigida. The role of some of the 
shrubby plants under disturbed conditions will be considered 
later.
The knapweed Centaurea maculosa deserves some special 
attention because of its high adaptibility to waste situa­
tions throughout the local valleys. Many roadsides and 
abandoned fields have been taken over by a predominant growth 
of this weed. It has invaded the more degraded pasture lands 
to some extent but is not found in well-developed prairie. 
Tragopogon dubius. another introduced weed which may be prom­
inent on disturbed areas, appears well adapted to the undis­
turbed prairie, as is evidenced by its high constancy and 
frequency values in the analyses of both community types.
THE FESTUCA COMMUNITY
Results of Vegetational and Soil Analyses
The Festuca community provides a more complex situa­
tion for study than does the Agropyron community. Although 
it was studied as a single community type, different phases 
of the community can be recognized with different taxa 
assuming dominant roles. Furthermore, it is even more dif­
ficult to find good, representative stands of the Festuca 
community type than it is of the Agropyron type. An inves­
tigator is forced to choose stands in what might be considered 
unusual situations, such as on steep slopes, because these 
are the sites that have been less accessible to animals for 
grazing purposes.
Four of the six stands studied for analysis of the 
Festuca community type were located in the vicinity of Mis­
soula, another was in the upper portion of the Blackfoot 
Valley about 30 air miles northeast of Missoula, and the 
sixth was in the same area as the Agropyron stand toward 
the eastern end of Hellgate Canyon. Data from the soil 
analyses and from the vegetational and floristic analyses 
are presented in Tables V and VI on the following pages.
A summary of the canopy coverage data is given in 
Table VII, and is broken down according to coverage by (1) 
grasses and sedges, and (2) forbs. Stands 1, 2, 3, and 4 
were considered relatively stabilized, while Stands 5 and
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TABLE V
RESULTS OF MECHANICAL ANALYSES 
OF SOIL SAMPLES FROM 
FESTUCA STANDS
Missoula Valley
Black­
foot
Hell­
gate
STAND NUMBER: 1 2 3 4 5 6
State 
Township 
LOCATION Range
Section
Quarter
Mont.
Tl^
R20W
21
NE
Mont.
T13N
R19W
15SE
Mont.
T13N
R19W
27
NE
Mont.
T13N
R19W
27
NE
Mont.
T15N
R14W
35NE
Mont.
TllN
R13W
16
SE
SandMAM
Silt
HORIZON
Clay
31.1%
36.9
32.0
65.8%
21.9
12.3
41.7%
38.4
19.9
41.7%
38.4
19.9
39.3%
33.6
27.1
38.6%
37.4
24.0
CLASSIFICATION Clay SandyLoam Loam Loam
Clay
Loam
Clay
Loam
Sand
«RM
Silt
HORIZON
Clay
3.6%
25.4
71.0
65.8%
21.9
12.3
48.7%
28.2
23.1
48.7%
28.2
23.1
43.4%
31.9
24.7
32.6%
39.7
27.7
CLASSIFICATION Clay SandyLoam
Clay
Loam
Clay
Loam
Clay
Loam
Clay
Loam
MISCELLANEOUS
From
very
fine
deposit
From 
rock & 
coarse 
matter
Rocky
From
rock
Rocky
From
rock
Rocky
and
story
From
rock
NOTE: One soil sample was analyzed ftom University Mountain and
the data used for Stands 3 and
TABLE V I
DETAIL OF CANOPY COVERAGE, FREQUENCY, 
AND CONSTANCY DATA FOR 
FESTUCA STANDS
Missoula Valley
Black­
foot
Hell­
gate
STAND NUMBER 1 2 3 U 6
ELEVATION (feet) 3180 35$0 3500 3500 3950 llOOO
Exposure 
SLOPE Per Cent
N
6-8
W
18-20
w
2$-27
w
22-21* level
NW—NNW 
12-lli AVG.for
six
stands
CON­
STANCY 
total 
of nine 
plotsSOIL CLASSIPICATION Clay
Sandy
Loam
Loam - 
CL Lo.
Loam — 
CL Lo.
Clay
Loam
Clay
Loam
Figure preceding / is per cent canopy coverage, followed by per cent frequency
GRASSES & SEDGES
Gramineae
Agropyron spicatum 2.8/7$ llj/93 9.U/73 18/90 3.8/30 32/100 13/77 9
Bromus tectorum .1/5 .8/8 .6/13 .3/l*.3 3
Calamagrostis rubescens 2.3/30 • l*/5
Danthonia unispicata 1
Festuca idahoensis 38/98 20/100 22/100 11/55 15/59 6
F, octoflora .2/6 1.9/63 1*.8/83 .1/3 1.2/26 3
-r
Missoula Valley
Black­
foot
Hell­
gate
STAND NUMBER; 1 2 3 1* $ 6 Avg. Const.
Gramineae (cont'd.)
Festuca scabrella 1*9/98 .9/13 32/90 7/30 $0/9$ 27/8$ 28/69 9
Koeleria cristata 2.1*/i*8 19/95 10/83 9.5/8$ $.l/$3 8.7/8$ 9.1/7$ 9
Poa pratensis 1
P. secunda 3.2/78 3.5/53 2.6/78 8.6/9$ l*.9/9$ $.8/93 l*.8/82 9
Stipa comata 1.3/13 1.1/8 .1/3 .!*/!*
îyperaceae
Carex eleocharis .1/5 t/.8 1
C. filifolia 15/90 2.$/l$ 3
G* petasata .l*/3 ' .1/.$
FORBS
oraginaceae
Lappula redowskii .3/13 .1/2.2 3
Lithospermum ruderale .1/3 2.6/28 .$/$.2 3
Mertensia oblongifolia .1/5 .l*/3 .l*/3 .2/8 .2/3.2 7 -r
Missoula Valley
Black-
foot
Hell-
gate
STAND NUMBER: 1 2 3 1* 5 6 Avg. Const,
Boraginaceae (cont'd,)
Myosotis stricta .1/5 .8/8 .2/2.2 1
Campanulaceae
Campanula rotundifolia 1
Caryophyllaceae
Silene antirrhina .2/8 .1/3 2.1/58 3.1*/73 1/21* u
S. drummondii 1
Arenaria congesta 3.9/55 .1/3 9.6/98 2.3/28 2
Holosteum umbellatum 1.7/18 .3/3
Compositae
Achillea millefolium 5/75 1.9/25 1.9/25 6.1/60 .8/20 .l*/3 2.7/35 8
Antennaria dimorpha .1/3 .1/3 t/1
A. rosea 6.9/1*0 1.1/33 5.6/30 5.6/33 l*.5/68 2.7/13 1.7/36 9
Arnica sororia .1/5 t/.8 3
Artemisia dracunculus 1
A, frigida .8/8 .9/13 l*.2/33 .1/5 1/9.8 6
-r
' Missoula Valley
Black-
foot
Hell-
gate
STAND NUMBER: 1 2 3 h 5 6 Avg. Const,
Compositae (cont'd,) 
Aster chilensis .8/5 1.9/25 .5/5 2
A, fulcatus 1.9/28 .8/8 .1/5 .5/6.8 2
Balsarnorhiza sagittate 1.7/8 li.1/10 1/3 1
Chrysopsis villosa .9/13 1.8/13 h/30 .1/5 1.1/10 6
Ghrysothamniis viscid if lorus .l*/5 .8/8 . .2/2.2 2
Cirsium undulatum .li/3 .h/3 .1/1 2
Crépis occidentails 3
Erigeron corymbosus 
E, pumilis .1/3
.2/8
.6/10 2.6/28 .5/8
.1/5
1.1/18
.1/2.2
.8/11
3
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Gaillardia aristata .1/5 .7/15 .1/3 .2/8 .2/5.2
Grindelia squarrosa 1
Hieracim albertinum .1/3 t/.5 2
Lactuca scariola .Vl5 .1/2.5 2
Senecio canus .6/10 1.3/13 .3/3.8 6
Taraxacum laevigatum 3 -r■n3
Missoula Valley
Black-
foot
Hell-
gate
STAND NUMBER: 1 2 3 a 5 6 Avg. Const#
Compositae (cont'd#)
Taraxacum officinale .1/5 .9/13 .5/8 .3/a.3 3
Tragopogon dubius 2.7/15 2.2/28 2.7/23 1.1/18 .8/8 2.a/23 2/2a 8
Cruciferae
Alyssum allysoides .3/10 3.1/86 .6/16 2
Arabis holboellii 1.1/U3 .5/20 .1/5 .5/20 .5/20 .7/28 .6/23 9
A. nuttallii 6.1/70 2.6/78 5.6/88 3.6/68 3/51 6
Descurainia sophia .1/3 .1/3 t/l 1
Draba nemerosa l.li/33 2.6/80 1.3/53 .9/28 6
D# verna , .2/8 t/1.3
Lepidium virginicum 2
Sisymbrium altissimura .1/3 t/.5 2
Geraniaceae
Geranium viscosissimum li.i*/33 .a/3 .8/6 1
Hydrophyllaceae
Phacelia linearis .1/5 .3/10 .1/5 .1/3.3 a
-r00
Missoula Valley
Black-
foot
Hell-
gate
STAND NUMBERî 1 2 3 U 5 6 Avg. Const.
Labiatae
Monarda menthaefolia .9/10 .2/1.7 2
Leeuininoseae
Astragalus agrestis 9.6/60 1.6/10 1
A. decumbens 1
A. purshii .l*/5 .1/.8 1
Lupinus sericeus 2.9/30 10/60 8.9/18 2.5/25 3.2/30 k.6/32 7
Vicia americana 1
Liliaceae
Allium cernuum 2
Fritillaria pudica .1/18 .7/15 .6/23 .1/3 .1/3 .3/10
Zigadenus venenosus
var gramineus .1/5 t/.8 li
Onagraceae
Clarkia pulchella 7/93 .7/25 l.h/h3 1.5/27 5
Epilobiura paniculatum l.h/h^ .7/28 .1/3 .1/5 .1/3 .1/5 .li/i5 7 -r\Û
Missoula Valley
Black-
foot
Hell-
gate
STAND NDMBERî 1 2 3 k 3 6 Avg, Const,
Plantaginaceae
Plantago purshii .8/20 .1/3 1.1/33 2.1/73 .2/8 .7/23 u
Polemoniaceae
Collomia linearis 2.V73 1.6/63 3.1/83 3.2/93 2.1/33 6
Linanthus septentrionales .1/3 .1/3 .1/5 .1/2.2 3
Microsteris gracilis .1/2.3 1
M. humilis 1.9/78 1/98 2.2/63 l.k/kO .1/3 1.6/k7 3
Phlox douglasii l.k/k3 .2/7.2 1
Polygonaceae
Erogonum umbellatum 3.1/28 .3/k.7 2
Polygonum ma jus .8/33 .8/30 1.3/60 .3/21 3
Portulacaceae
Claytonia linearis .2/8 .1/3 .1/2.2
Lewisia rediviva 1.6/30 .3/13 .3/7.2 k
Primulaceae
Androsace occidentalis .3/20 1.2/33 1.8/U8 .3/13 .2/8 .7/21 3
Dodecatheon puberulum .k/3 .8/30 .2/3.3 k
o
Missoula Valley
'Black-
foot
Hell-
gate
STAND NUMBER: 1 2 3 U 5 6 Avg. Const.
Ranunculaceae
Delphinium bicolor 1
Ranunculus glaberrimus .3/13 t/2.2 2
Rosaceae
Gaum triflorum .2/8 .8/8 .2/2.7 3
Pstentilla flabelliformis 1
Santalaceae
Comandra pallida 1
Saxifragaceae
Lithophragma bulbiferum .2/8 .8/18 .8/20 .3/7.7 3
L. parviflorum .1/5 2.9/53 .1/5 .5/11 5
Scrophulariaceae
Besseya rubra .1/.8
Gastillsja lutescens .7/15 .1/2.5 2
Collinsia parviflora .1/5 5.6/85 2.3/80 .3/13 l.k/31 5
Orthocarpus tenuifolia .3/15 .1/2.5 & H
Missoula Valley
Black- 
foot
Hell-
gate
STAND NUMBER: 1 2 3 h 5 6 Avg. Const,
Umbelliferae
Lomatiura macrocarpuin .6/10 8.7/78 1/15 .1/5 1.7/18 5
L. montaniam .5/8 •li/5 .2/2.2 2
L* triternatura 2.1/20 .1/3 6.3/6$ .h/3 1.7/30 1.8/20 6
Violaceae
Viola adunca .1/3 t/.5
vn
ro
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6 Twere considered subclimax.
TABLE VII
SUMMARY OF CANOPY COVERAGE DATA 
FOR FESTUCA STANDS
STAND NO. 1 2 3 4 5 6 Avg.
Grasses 
& Sedges 57.7 79.3 76.9 71.6 88.6 73.7 74.6
Forbs 57.2 64.4 62.2 60.0 16.6 27.9 48.1
TOTALS 114.9 143.7 139.1 131.6 105.2 101.6 122.9
Stands 5 and 6, the tTvo subclimax stands, registered 
the lowest coverage due to their very poor representations 
of forbs. The other four stands, with their rich represen­
tations of forbs, are characteristic of the well-developed 
Festuca community.
The low forb coverage of Stand 6 not only reflects 
the subclimax condition of the stand but also the drier cli­
matic conditions of the eastern Hellgate Canyon region. 
Observations indicate that conditions are no doubt poor in 
this region for maintaining a well-developed Festuca com­
munity except on the most favorable sites. Stand 6 definitely 
was the poorest stand used to represent the fescue community 
type.
The low forb coverage of Stand 5 reflects, principally, 
the subclimax condition of this stand, since it was located 
in the Blackfoot Valley under the most mesic climatic condi­
tions recorded within the study region. The higher precipi­
tation and cooler temperatures of this region allow the fescue
$4
grasses to become established generally on the prairie sites 
without the requirement of favorable exposures and steeper 
slopes necessary in the Missoula area. The climatic data for 
the Blackfoot Valley indicates that this is the only area 
within the study region in which most of the precipitation 
occurs during the October-March period.
The subclimax condition of Stand 6 is indicated not 
only by the low forb coverage but also by the high coverage 
of Carex filifolia. which occupies a great deal of the space 
between the bunches of Festuca scabrella and F. idahoensis. 
This was the only stand on which Carex filifolia registered 
in the coverage analysis although the sedge is present in 
the Missoula area and occurred in two constancy plots on 
University Mountain.
Stand 2, with the highest total coverage, was located 
on the Tertiary terrace north of Missoula and was notable for 
its very friable soil derived from rock and coarse materials. 
It was dominated by Festuca idahoensis with Agronyron snicatum 
and Koeleria cristata in association as secondary dominants. 
Festuca scabrella and Poa secunda were present in minor 
amount s.
Two stands located on University Mountain demonstrate 
the ecology of the two Festuca dominants. Stand 3 » on a 
25*^-27*^ slope, is dominated by Festuca scabrella. and Stand 
4, in a less mesic situation on a 22°-24° slope, is dominated 
by F. idahoensis.
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It is felt by the Twriter that the general situation 
with regard to the ecology of the two grasses is such that 
wherever Festuca scabrella occurs in the lower valley regions 
on a site with a variety of exposures, the site certainly 
must be favorable in some of its aspects to the occurrence 
of F. idahoensis. Stand 1, located west of Missoula, and 
Stand 6, in eastern Hellgate Canyon, appear as refutations 
of this generality, however, in that only F. scabrella was 
found on the sites (except for two bunches of F. idahoensis 
that were noted in the Hellgate Canyon site area).
A possible explanation is provided for Stand 1 west 
of Missoula in the nature of its soil. The A horizon is a 
good black soil but with sufficient clay to be classified as 
a clay soil. The B horizon is very much heavier, with a clay 
fraction of over 70 per cent, and forms a distinctive gray 
colored horizon with prismatic structure in the soil profile. 
The B horizon actually has the effect of a clay pan in the 
profile.*
The heavy soils of the varved silt deposit also are 
located in this area. As is the case with Stand 1, the 
favorable sites on this varved deposit contain Festuca sca­
brella. but no F. idahoensis. Festuca idahoensis can be 
found, however, on a gravelly bluff which terminates just a
* The site is subject to considerable frost upheaval 
which seems to keep the B horizon clear of rocks and gravel 
and which creates a number of micro disturbances.
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few hundred yards from Stand 1.
The situation suggests that F. idahoensis is not 
adaptible to the very heavy soils. Some support of this sug­
gestion is provided in the work of Wright and Wright (19^8) 
wherein they characterized the Festuca idahoensis type of 
grassland in the Gallatin Valley as regions of "good ̂ well- 
drained soils and favorable moisture conditions." Reitz and 
Morris (1939) also stated that in the central-mountain region 
of Montana F. idahoensis is "confined to the better and well 
drained soils where moisture conditions are favorable." It 
is impled in this statement that the factor at work is the 
greater moisture availability, while the suggestion of the 
writer also involves the possibility of limited aeration 
working against the establishment of F. idahoensis.
The nature of the soil, however, cannot be offered as 
the reason for the absence of F. idahoensis in the eastern 
Hellgate Canyon stand ; nor does its absence appear to be con­
fined to the immediate site area. Reconnaissance failed to 
locate the grass on other favorable sites in the area. The 
situation that prevails up Bearmouth Creek from Hellgate Can­
yon further complicates matters, since F. idahoensis can be 
found in abundance at the higher elevations, as shown in 
Figure 22, while F. scabrella prevails on the favorable sites 
at the lower elevations.
Actually, the poor representation of F. scabrella on 
Stand 6 and its reduced vigor in relation to its growth on
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other sites indicate that this site should be more favorable 
to F. idahoensis than it is to F. scabrella.*
There is the possibility that F. idahoensis has been 
eliminated by grazing and farming to such an extent that it 
has never become reestablished in the area. However, this 
conjecture causes one to wonder about the subsequent estab­
lishment of F. scabrella on sites that appear more favorable 
to F. idahoensis.
Another pure conjecture is offered in the possibility 
that, under the drier climatic conditions, the area actually 
is not suitable to the establishment of F. idahoensis. and 
that the F. scabrella found in the area may represent an eco­
type, an adaptation of the species to drier conditions.
The distribution of the fescue grasses does not appear 
to be general throughout all of the local valley regions. 
Neither of the fescues was found in the open prairie country 
in the Bitterroot Valley east of Florence except in the most 
sheltered areas. Festuca idahoensis was found to occupy the 
north slopes in stands of ponderosa pine that have become 
established in the deep, sandy bluffs along the Bitterroot 
River.
* Measurements of leaf lengths of Festuca scabrella 
on Stand 6 averaged 15*2 inches compared to an average of 
19*5 inches on the other five stands of the Festuca community 
The average of measurements of Festuca idahoensis on the 
four stands in which it occurred was 8.2 inches.
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Important Species Components of Festuca Community
The list that follows Includes all species that regis­
tered In the canopy coverage analyses of at least five of the 
six stands analyzed. Inclusion In the analyses of all six 
stands was not required (as In the case of the first list 
for the Agropyron community) because of the very poor repre­
sentation of forbs In two of the stands. Those species marked 
with an asterisk did occur In the coverage analyses of all 
six stands. Festuca Idahoensis Is Included In this list 
although It occurred In only four of the stands. The list 
of species that occurred In the analyses of all six of the 
Agropvron community stands Is added here for the sake of com­
parison.
FESTUCA COMMUNITY
* Achillea millefolium 
•K- Agropyron splcatum
Androsace occidentalis 
^ Antennaria rosea
* Arabis holboellll
* Eplloblum paniculatum 
Erigeron pumllls
•î:- Festuca scabrella 
F. Idahoensis 
Frltlllarla pudlea 
^ Koeleria cristata
AGROPYRON COMMUNITY
Agropyron splcatum
Eplloblum paniculatum
Lewlsla redlvlva
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FESTUCA COMMUNITY 
Lomatlum trlternatum 
Lupinus sericeus 
Microsteris humilis 
Plantago purshii 
^ Poa secunda
Tragopogon dubius
AGROPYRON COMMUNITY
Microsteris humilis
Poa secunda
Tragopogon dubius
The following list includes all those species that 
occurred in sufficient quantities on one or more stands to 
register an average coverage value of at least .5 per cent 
and an average frequency value of at least 10 per cent. Here, 
again, the comparable list is included from the Agropyron 
community analysis. Those species marked with an asterisk in 
the Agropyron community list occurred in the previous list 
for the Festuca community.
FESTUCA COMMUNITY
Allysum allysoides
AGROPYRON COMMUNITY 
•Î- Achillea millefolium 
Alyssum allysoides 
if Androsace occidentalis 
Antennaria dimorpha 
* Arabis holboellii
Arabis nuttallii 
Arenaria congesta 
Artemisia frigida 
Astragalus agrestis
Artemisia frigida
Bromus tectorum
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Lithophragma parviflorum 
Lomatlum macrocarpum
FESTUCA COMMUNITY AGROPYRON COMMUNITY
Carex eleocharls
Carex filifolia 
Chrysopsis villosa 
Clarkia pulchella 
Collomia linearis 
Collinsia parviflora 
Draba nemerosa
Festuca octoflora Festuca octoflora
Koeleria cristata 
Lithophragma bulbiferum
Lomatlum macrocarpum 
■Î- Lupinus sericeus 
Phlox douglasii 
Plantago purshll
Polygonum ma.ius 
Silene antirrhina
The annuals Androsace occidentalis. Bromus tectorum. 
Festuca octoflora. and Plantago purshll probably could be 
considered as belonging In the first list for the Agropyron 
community except for their absence In the two stands analyzed 
on the varved silt deposit. The only species contained In 
the Agropyron community lists and not In the Festuca lists 
were Lewlsla redlvlva. Antennaria dimorpha. Bromus tectorum. 
Carex eleocharls. Lithophragma bulbiferum. and Phlox doug-
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lasil. whereas the Festuca lists contained eighteen different 
species not included in the Agropyron lists,
A total of 97 different species occurred in the analy­
sis of the Festuca community type (including those that occur­
red in the constancy plots). The four stands considered in 
the most stabilized condition were surprisingly close in the 
number of different species recorded in their canopy coverage 
analyses. The greatest number of species recorded on one of 
the stands was hk while the fewest was 42,
Disturbance Aspects
As is the case with Agropyron splcatum. both Festuca 
idahoensis and F. scabrella are sensitive to grazing pressure 
(Morris, 1946), a fact that may well explain the absence of 
the fescues in some areas. With the reduction of the domi­
nant fescues many of the same grasses and forbs that increase 
in abundance under similar circumstances in the Agropyron 
community also increase in the Festuca community, Poa secunda 
and Koeleria cristata are among these, and in addition, Agro­
pyron splcatum may increase and become the dominant of the 
fescue site. Further degradation of the site enhances the 
position of Poa secunda and allows the invasion of some of 
the same grasses, such as Stipa comata and Agropyron smithli. 
that invade the Agropyron sites, Aristida longiseta does not 
appear well adapted to the Festuca habitat type.
Poa pratensis is an important invader on some dis-
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turbed Festuca sites and may completely dominate the more 
mesic ones in a disclimax status. It may be, too, that Poa 
pratensis maintains a climax role in some of the more mesic 
swales within the Festuca grasslands
The abundance of Carex filifolia on the stand in the 
Blackfoot Valley has already been noted. Through observa­
tions of other grassland sites in the area it was concluded 
that although Carex filifolia appears to be a normal part of 
the prairie in the Blackfoot Valley, its abundance in Stand 
5 no doubt is due to past disturbances.
Danthonia unispicata also was found to increase with 
the reduction of the fescues in this area, although its occur­
rence in the Missoula area appears to be very minor.
Some of the forbs which increase in abundance, in 
addition to those mentioned for the Agropyron community, are 
Antennaria rosea. Arnica sororia. Lomatium spp., and Poten- 
tilla spp. Tragopogon dubius is one of the more prominent 
weeds.
* Wright and Wright (19^8) found Poa pratensis occu­
pying the swales in the Festuca idahoensis type of grassland 
in the Gallatin Valley.
COMPARISON OF AGROPYRON AND
FESTUCA COMMUNITIES
The Festuca community type is markedly more productive 
than the Agropyron community type. A comparison of the aver­
age canopy coverage values obtained from the analyses of the 
six stands of each community type illustrates the difference;
Agropyron Festuca
Community Community
Grasses
& Sedges .6
Forbs 3*+*^ 48.1
Totals 99.8 122.9
If only the well-developed Festuca stands were considered, 
another 12 points could be added to the above value for the 
coverage of forbs.
The Festuca community not only is richer in the amount 
of coverage but also in the number of species represented.
A total of 97 different species was recorded in the floristic 
analysis of the Festuca community, as compared to 80 different 
species for the Agropyron community. Altogether 112 different 
species were recorded for both community types.
Daubenmire (19^2) made some comparisons of the number 
of different species that occurred in the two types of com­
munities in the Palouse prairie west of the Bitterroots using 
only constancy plot data. The same comparisons for this 
region based on data from nine constancy plots of each com-
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munlty type are presented below with the figures obtained by 
Daubenmire in his study given in parentheses:
Agropyron Festuca 
Comparisons ; Community Community
Minimum no. sp./plot 11 (13) 24 (26)
Maximum no. sp./plot 4l (21) 42 (42)
Average no. sp./plot 22.9 (17.4) 34.6 (32.4)
Total no. sp. encountered 71 (35) 86 (77)
The particualarly high figure obtained in one of the Agro­
pyron plots probably reflects a subclimax condition for the 
plot, which was located on a favorable site with a very 
friable soil. All of Daubenmire*s plots were more truly 
climax than some of these used in this study.
The expression of two different growth characteristics 
for Agropyron spicatum shows some correlation with the Agro­
pyron and Festuca types of habitat. On the typical Agropyron 
site A. spicatum exhibits a strong bunch grass habit of 
growth.* On more mesic sites it tends to express the rhi- 
zomatous habit, and on a typical Festuca site it will exhibit 
both the rhizomatous and bunch grass habits.**
* The writer feels that the correlation here is so 
good that any site on which Agropyron spicatum is found 
growing in a definite bunch grass fashion, and only in that 
fashion, can be classified as an Agropyron site.
***■* There may be some question as to whether or not 
the rhizomatous habit of growth for Agropyron spicatum defi­
nitely indicates a Festuca site. Sites were found with A. 
spicatum in the rhizomatous habit but with no fescue grasses 
present. Here, again, elimination of the fescues by grazing 
may have been the reason.
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A decrease in vigor and flowering is indicated for 
Agropyron spicatum when growing as a rhizomatous plant « It 
produces very few fruiting culms in the Festuca community, 
and its leaf lengths averaged about 15 inches on the Festuca 
stands as compared to 18.5 inches on the Agropyron stands.
A species list can have some value in differentiating 
the two community types. According to Curtis and Greene 
(19^9), "A species need not have a high fidelity to be of 
value as an indicator. The prerequisite is that the species 
be present on most stations of the type in question and be of 
less frequent occurrence on related types.” Constancy plot 
data and canopy coverage values were used as aids in compil­
ing the lists below. Those species marked with a single 
asterisk are the ones considered to have a high fidelity for 
the community in which they occur. The other species included 
characterize one or the other community type by their more 
abundant or frequent occurrences in that community.
AGROPYRON COMMUNITY 
Agropyron spicatum 
Antennaria dimorpha 
Astragalus inflexus"̂ î̂
A. pur shi i
Astragalus inflexus is included here because of 
general observations of its occurrence, although it regis­
tered in the analysis of only one stand. There may be some 
question as to the inclusion of A. purshii. The two species 
are very similar in their phenology and morphology, and their
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Bromus tectorum 
Eplloblum paniculatum 
L07?lsla redlvlva 
Microsteris humllls 
Plantago purshll^̂"*̂
Poa secunda''"'""
FESTUCA COMMUNITY 
Antennaria rosea 
if Arabl s nuttallii 
Arenaria congesta 
i:- Arnica sororia 
iî- Carex flllfolla 
Clarkia pulchella 
•K’ Collinsia parviflora 
Collomia llnearls 
# Dodecatheon puberulum 
iî- Draba nemerosa 
i:- Erigeron corymbosus 
E* pumllls 
Festuca Idahoensis
particular adaptations ,aj7èi not clears cThere arfe..Indications 
that A. purshll Is adapted to heavier soils while A. Inflexus 
Is better suited to the well-drained soils.
According to Daubenmire (19^2) one of the criteria 
for distinguishing the Festuca association from the Agropyron 
association In southeastern Washington Is the high fidelity 
of Poa secunda and Plantago purshll for the Agropyron com­
munity type. However, In the present study the two annuals 
were found In both community types but generally In greater 
abundance In the Agropyron community.
67
Festuca scabrella 
Gaillardla aristata
•Î- Geum triflorum
Hleracium albertinum 
Koeleria cristata
* Lithophragma parviflorum 
Lithospermum ruderale 
Lomatium trlternatum 
Lupinus sericeus 
Mertensia oblongifolia
* Orthocarpus tenuifolius 
Polygonum ma.ius
* Potentilla flabelliformis 
Silene antirrhina
if Zigadenus venenosus var gramineus 
Some of the above species are included in the Festuca com­
munity, not because of their abundance in that community, 
but because of the distinctiveness that their occurrence 
lends to the community.
It was noted throughout the study that no two closely 
related species were ever found in serious competition with 
each other in any of the well-developed stands. A more 
detailed picture of the ecological adaptations of the taxa 
involved can be gained from a study of Table VIII, on the 
following pages, which compares the canopy coverage, fre­
quency, and constancy data for all species encountered in the 
analyses of the two community types.
TABLE VIII
COMPARISON OF ANALYSIS DATA 
FOR THE AGROPYRON AND 
FESTUCA COMMUNITIES
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AGROPYRON
COMMUNITY
Con- 
Cov/Freq stancy
FESTUCA
COMMUNITY
C on— 
Cov/Freq stancy
GRASSES <Sc SEDGES
Gramineae
AgroDvron smithli .2/1.3
A. sDicatum 1+7/98 9 13/77 9
Bromus commutatus t/.5
B. tectorum 2.1+/32 5 .3/^.3 3
Calamagrostis rubescens .4/5
Danthonia unisuicata 1
Festuca idahoensis 15/59 6
F. octoflora 3 . V 3 3 5 1.2/26 3
F. scabrella 28/69 9
Koeleria cristata 5.1/33 6 9.1/75 9
Poa uratensis I 1
P. secunda 6.2/78 9 4.8/82 9
Stiua comata • 6/1+. 3 3 .4/4
8. viridula 1
Cvneraceae
Carex eleocharls .7/9.7 2 t/.8 1
C. filifolia 2.5/15 3
. petasata .1/.5
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AGROPYRON
COMMUNITY
Con—
FESTUCA
COMMUNITY
Con-
Cov/Freq stancy Cov/Freq stancy
FORBS
Boraginaceae
Cryptantha sheldonll 
Lappula redoTwskll 
Lithospermum ruderale 
Mertensia oblongifolia 
Myosotis stricta 
Cactaceae
Opuntia fragilis 
0. polyacantha 
Campanulaceae
Campanula rotundifolia 
Caryophyllaceae 
Arenaria congesta 
Holosteum umbellatum 
Silene antirrhina 
S . drummondii 
Compositae
Achillea millefolium 
Antennaria dimorpha 
A. rosea 
Arnica sororia 
Artemisia dracunculus 
A. frigida
.l/,5
.2/9.3 ^
1
t/.8
.1/2.2 1 
2
.2/1.3
.2/8.3
1.9/22
.8/11
1.2/5
6
5
2
.1/2.2
.5/5.2
.2/3.2
.2/2.2
2.3/28
.3/3
1/24
1.7/21
2.7/35
t/1
4.7/36
t/.8
1/9.8
3
3
7
1
4
1
8
9
3
1
6
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AGROPYRON FESTUCA
COMMUNITY COMMUNITY
Con- Con-
Cov/Freq stancy Cov/Freq stancy
Compositae (cont*d.)
Aster chilensis 1 .5/5 2
A. fulcatus t/.5 1 .5/6.8 2
Balsarnorhiza saglttata .3/1.7 3 1/3 1
Chrysopsis villosa .5/5.8 3 1.1/10 6
Chrysothamnus vlscldlflorus 1/6.8 3 .2/2.2 2
Clrslum undulatum .1/1.3 3 .1/1 2
Crepls occidentalis 3
Erigeron composltus t/.5
E. corymbosus .1/2.2 3
E. dlvergens t/.8 1
E. follosus 1
E. pumllls t/1.3 ^ .8/11 6
Gaillardla aristata t/.5 1 .2/5.2 4
Grindelia squarrosa 1
Haplopappus acaulls .7/3.3 1
Hleracium albertinum t/.5 2
Lactuca scariola .1/3 ^ .1/2.5 2
Senecio canus .4/6.8 2 .3/3.8 6
Taraxacum laevigatum 1 3
T. officinale 2 .3/^.3 3
Tragopogon dubius 1.3/21 9 2/24 8
Cruciferae
Alvssum allysoides 1.5/16 3 .6/16 2
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AGROPYRON FESTUCA
COMMUNITY COMMUNITY
Con- Con-
Cov/Freq stancy Cov/Freq stancy
Cruclferae (cont*d.) 
Arabls holboellli 
A. nuttallil 
Camellna mlcrocarpa 
Descuralnla sophia 
Draba nemerosa 
D. verna
Lepldlum vlrglnicum 
Sisymbrium altlsslmum 
Geraniaceae
Geranium viscosissimum 
Hydrophvllaceae
Phacelia leucophylla 
P. linearis 
Labiatae
Monarda menthaefolia 
Leguminoseae
Astragalus agrestis 
A. decumbens 
A. inflexus 
A. purshii 
Astragalus sp.
Lupinus leucophyllus 
L* sericeus
.8/19
.1/3
.1/2.7
t/.8
.1/5
.1/1.8
.1/.5
.1/4
t/1.3
.6/5.5
.6/5.5
.3/1.7
4
1
3
2
1
2
1
2.5/16
1
2
1
4 
1 
1
5
.6/23
3/51
t/1
.9/28
t/1.3
t/.5
.8/6
9
6
1
6
2
2
.1/3.3 4
.2/1.7 2
1.6/10 1
1
.1/.8 1
4.6/32 7
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AGROPYRON
COMMUNITY
Con- 
Cov/Freq stancy
FESTUCA
COMMUNITY
Con- 
Cov/Freq stancy
.3/10
t/,8
.7/23
2.1/53
.1/2,2
.1/2.5
1.6/47
.2/7.2
2
4
1.5/27 5
.4/15 7
Leguminoseae (cont*d.)
Vicia americana 1
Liliaceae
Allium cernuum
Fritillaria uudica t/1.3 5
Zigadenus venenosus 
var gramineus
Malvaceae
Sphaeralcea coccinea t/.5
Onagraceae
Clarkia pulchella 1
Eoilobium paniculatum 2.5/45 9
Gaura coccinea t/1.3
Plantaginaceae
Plantago purshii 1.7/30 5
Polemoniaceae
Collomla linearis .5/14 3
Linanthus septentrionales .4/6.3 1
Microsteris gracilis
M. humilis 3.8/63 8
Phlox douglasii 1/9.7 2
Polygonaceae
Eriogonum umbe11aturn .1/.5 3
Polvgonum ma .jus .1/2.7 1
6
3
1
3
1
.5/4.7 2
.5/21 5
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AGROPYRON
COMMUNITY
Con— 
Cov/Freq stancy
FESTUCA
COMMUNITY
Con- 
Cov/Freq stancy
Portulacaceae
Clavtonla linearis 
Le^gisia rediviva .8/11
Primulaceae
Androsace occidentalis .7/23
Dodecatheon puberulum 
Ranunculaceae
Delphinium blcolor .3/3.8
Ranunculus glaberrlmus .4/7.2
Rosaceae
Geum triflorum 
Potentllla flabelllformls 
Santalaceae
Comandra pallida 
Saxlfragaceae
Llthophragma bulblferum 3/18.3
L. parvlflorum 
Scrophularlaceae 
Besseva rubra 
Castllle.ia lutescens 
Colllnsla parvlflora 
Orthocarpus tenulfolla 
Penstemon pavettensls
.1/2.2 
.3/7.2 1+
.7/21 5
.2/5.5 ^
t/2.2 2
.2/2.7 3
1
.3/7.7
.5/11
.1/.8
.1/2.5
1.4/31
.1/2.5
3
5
2
5
4
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AGROPYRON
COMMUNITY
Con- 
Cov/Freq stancy
FESTUCA
COMMUNITY
C on— 
Cov/Freq stancy
Utnbellif erae
Lomatium macrocarDum 1.4/12 3 1.7/18 5
L. montanum 1 .2/2.2 2
L. triternatum .4/4.8 3 1.8/20 6
Violaceae
Viola adunca t/.5
SHRUBS AND THEIR POSITION 
IN THE GRASSLAND
The results of some studies conducted In the North­
west indicate that shrubs may form a part of the Festuca 
community type of grassland. Daubenmire (1942) described 
an intermediate herb-shrub union in the fescue grasslands of 
the more mesic, eastern portion of the Columbia plateau.
Dwarf species of Svmphoricarpos and Rosa occur there in associ 
ation with Festuca idahoensis. Moss and Campbell (19^7) also 
found some woody plants tending to invade the fescue prairies 
of central Alberta.
A casual look at some of the grasslands in the Missoula 
vicinity might cause one to believe that shrubs are associated 
with the fescues in the local valley regions, too. For 
instance, shrubs are liberally represented on the west facing 
slope of University Mountain, which generally is a grassland 
site. However, a closer investigation reveals that there is 
a close association of shrub occurrence with gullies, gully 
outwashes, and unstabilized talus. Wherever soil has devel­
oped to any extent on open terrain, grasses are definitely 
dominating the site to the exclusion of shrubs. (See Figures 
23 and 2h.)
In more mesic situations, however, shrubs can be found 
in association with the fescues. The grass-shrub association 
appears to represent an intermediate situation between the
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fescue grasslands and timber sites* It can be found in nar­
row valleys, where timber extends almost to the open valley 
floor, and at higher elevations and other places where the 
transition from grassland to timber is not too sudden. Some 
of the shrubs found in the association are Am e 1 anchier alni- 
folia. Prunus virginiana. Symphoricarpos occidentalis. and 
Rosa spp.
Instances of shrubs being established on grasslands as 
the result of animal activity (other than grazing) were 
reported by Moss (1932) in the fescue grasslands of Alberta, 
Disturbances created by such animals as pocket gophers 
(Thomomys talpoides) and badgers (Taxides taxus) allowed for 
the invasion of shrubs. It was observed locally that pocket 
gophers, when present, were associated with the Festuca sites 
and not with the Agropyron sites. On one Festuca site north 
of Missoula, where pocket gophers are particularly active, 
rose bushes have bebome established in scattered patches.
A source of seed is present in the gully bottom a short dis­
tance away where rose bushes are prevalent. It is not. 
unlikely that pocket gopher activity has made possible the 
establishment of the rose bushes on this grassland site. 
Inasmuch as pocket gophers act as cultivators, thereby improv­
ing a site for moisture penetration, and can at the same time 
practically eliminate the competition of the dominant grasses 
in the area of the disturbance, a site may very well be 
rendered favorable for shrub establishment.
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The role of sagebrush (Artemisia tridentata) also has 
figured prominently in the description of certain grasslands 
of the Northwest, Daubenmire (19*+2) and Weaver (1917) des­
cribed an area in the western, most xeric portion of the 
Columbia plateau on which sagebrush was named as a dominant 
in association with Agropyron spicatum, Tisdale (19^7), too, 
described a somewhat similar Agropvron-Artemisia zone in a 
warm, dry portion of British Columbia. Agropyron spicatum 
was named as the principal dominant, with sagebrush repre­
sented in lesser amounts but increasing under the influence 
of grazing, Wright and Wright (19^8) concluded that over- 
grazing permitted the invasion of sagebrush into regions of 
south-central Montana,
It is obvious in certain of the local valley regions 
that sagebrush and similar shrubs are represented in abun­
dance because of overgrazing in the past. Such is the case 
in areas observed west of Missoula and in the Bitterroot 
Valley. Rabbit brush (Chrysothamnus nauseosus) is present 
in abundance on grazed pastures just adjacent to the stands 
studied on the varved silt deposit. (See Figures 19 and 20.) 
None of this species of rabbit brush is present on the well- 
developed Agropyron stands. However, the green rabbit brush 
(Ç. viscidlflorus) is present and appears to be a part of the 
climax prairie on these heavy soils. (See Figure 9.) Other 
pastures in the same vicinity also contain sagebrush, though 
it is not present on the study sites. Sagebrush was noted in
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the Bitterroot Valley in grazed pastures, but at the same 
time it was noted to be absent on fragments of grassland 
along the road outside of the fences. All of this circum­
stantial evidence bears out the role of some shrubs as 
invaders on overgrazed pastures.
However, situations can be found, with sagebrush 
present as a dominant, in which it is difficult to determine 
whether its occurrence is climax or disclimax in status. 
Travelling from Missoula to the upper portion of Blackfoot 
Valley, one passes out of the timber through a belt of grass­
land with a heavy growth of sagebrush. (See Figure 21.) 
Festuca scabrella and F. idahoensis are the dominant grasses 
with many of the forbs associated with the more mesic grass-
tlands of the pregion present. The area is located in the 
vicinity of terminal morainic and glacial outwash deposits 
with deep soil and mixed parent material profiles. In another 
location in which sagebrush was found to be well established 
it was associated more particularly with a broad drainage 
area. (See Figure 22.) Thus, unlike its reported position 
in some of the drier regions of the Northwest, its occurrence 
in the local valleys often is associated with the more mesic 
situations.
A prominent shrub-grass association was found to occur 
in one area of the study region due to edaphic reasons. A 
Purshia tridentata-Agropvron spicatum association occurs on 
an extensive and deep sand deposit in the Bitterroot Valley
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north of Florence,* The correlation of a particular soil 
situation with a particular floristic association is clearly 
demonstrated in this case at a gully which marks the end of 
the sand deposit in one area. The occurrence of Purshia 
tridentata ends just as suddenly. (See Figure 25.) Purshia 
tridentata also can be found in other areas in comparable 
situations with deep soils or clastic mantles that allow 
ready and deep penetration of soil water. It is generally 
found on dry exposures. Another shrub that also occurs in 
the region, but in minor amounts, is Tetradymia canescens.
In brief review, the establishment of shrubs appears 
dependent, in some cases, upon edaphic factors such as unsta­
bilized talus and deep clastic and sand mantles; in others, 
upon disturbance factors such as grazing and pocket gopher 
activity; and still in others, upon topographic factors that 
promote sufficient improvement in moisture conditions. The 
ecology of shrubs, as just discussed, would seem to indicate 
that their occurrences in the local grasslands are normally 
associated with particular environmental factors or historic 
circumstances, and that, otherwise, the non-shrubby grasslands 
are climax.
* Daubenmire (19^2) reported a Chrysothamnus-Purshia 
association on dark colored sands in southeastern Washington, 
and an Artemisia-Purshia association on alluvial sandy loams 
along the Columbia River.
FIRST-YEAR EFFECTS OF FIRE
A grass fire that burned a portion of University 
Mountain on July 17, 1957, afforded an opportunity to study 
the first-year effects of a fire on grassland vegetation.
Two stands were located, one on the burn and one adjacent to 
it in an unburned area, for the purpose of studying the 
effects by the canopy coverage method. Table IX, on the 
following pages, presents the results of the coverage analysis
The coverage values for Festuca idahoensis and Agro­
pyron spicatum indicate significant reductions in the domi­
nance of these two grasses following burning, whereas Festuca 
scabrella apparently maintained its position in the community, 
while Poa secunda and Koeleria cristata increased in impor­
tance.
The apparent resistance of F. scabrella to fire may 
be explained by its habit of growth. The basal portions of 
this bunch grass are tough and compact. Their charred 
remains were quite conspicuous throughout the burned area 
after the fire. (See Figure 17.) This tough basal portion 
apparently afforded considerable protection for the peren- 
nating buds, since healthy, new growth was much in evidence 
from the charred bases the following spring. (See Figure 18.)
Among the forbs for which there is indicated a definite 
decrease in abundance are all of the chamaephytes, namely 
Antennaria rosea. Artemisia frigida. and Arabis holboellii.
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TABLE IX
COMPARISON OF CANOPY COVERAGE AND 
FREQUENCY DATA ON BURNED 
AND UNBURNED AREAS
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BURNED
AREA
Cov/Freq
UNBURNED
AREA
Cov/Freq
GRASSES & SEDGES
Gramineae
AeroDvron SDicatum 8.4/78 18/90
Bromus tectorum .1/5 .6/13
Festuca idahoensis 9.6/78 22/100
F. octoflora 2.3/78 4.8/83
F. scabrella 7.4/40 7/30
Koeleria cristata 12/98 9.5/85
Poa secunda 13/100 8.6/95
Stioa comata 1.1/8
F ORBS
Boraeinaceae
Lannula redowskii .3/10 .3/13
Mertensia oblongifolia .6/23 .2/8
Myosotis stricta 6.2/1+5 .8/8
Caryoühyllaceae
Holosteum umbellatum .1/5 1.7/18
Silene antirrhina 1.9/63 3.4/73
Comnositae
Achillea millefolium 12/78 6.1/60
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BURNED
AREA
Cov/Freq
UNBÜRNED
AREA
Cov/Freq
ComDositae (cont*d.)
Antennaria dlmornha .1/3
A. rosea 3/23 5.6/33
Artemisia frigida .4/3 4.2/33
Balsamorhiza sagittata .1/3
ChrysoDsis villosa 2.7/23 4/30
Cirsium imdulatum 1.6/3 .4/3
Erigeron numilis .1/3 2.6/28
Gaillardia aristata .1/5 .2/8
TragoDogon dubius 1 . V 8 2.7/23
Cruciferae
Arabis holboellii .5/20
A. nuttallii 3 . V 6 3 3.6/68
Descurainia sophia .4/18 .1/3
Draba nemerosa 1.3/50 1.3/53
Sisymbrium altissimum .1/3
Hydrophyllaceae
Phacelia linearis 2.1/58 .1/5
Leguminoseae
Lupinus sericeus 2/10 2.5/25
Liliaceae
Fritillaria pudica .2/8 .1/3
Onagraceae
Clarkia pulchella 1.3/53 1.4/43
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BURNED
AREA
Cov/Freq
UNBURNED
AREA
Cov/Freq
Onagraceae (cont * d .)
Epilobium panlculatum .1/3
Plantaglnaceae
Plantago purshii ' 1/28
Polemoniaceae
Collomla linearis 3*8/88
Microsteris humllls .2/8
Portulacaceae
Clavtonla linearis 
LewIsla rediviva 
Primulaceae
Androsace occidentalis .3/13
Dodecatheon puberulum 
Ranunculaceae
Ranunculus glaberrlmus 1.2/10
Santalaceae
Comandra pallida .8/5
Saxlfragaceae
Llthophragma bulblferum 2.4/35
L. parvlflorum .1/3
Scrophularlaceae
Colllnsla parvlflora .6/23
Umbelllferae
Lomatium macrocarpum 1.8/23
.1/5
2.1/73
5.2/95
1.4/40
.1/5
1.6/30
.3/13
.4/3
.8/20
.1/5
.3/13
1/15
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BURNED
AREA
UNBURNED
AREA
Cov/Freq Cov/Freq
Umbelllferae Ccont*d.)
Lomatium montanum . V 5 .4/5
L. triternatum 14/95 6.3/65
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Others that showed decreases were Tragopogon dubius, Chry- 
sopsis villosa. and Erigeron pumilis.
Many of the geophytes showed definite increases and 
contributed to conspicuous floristic aspects on the burned 
area throughout the growing season. In late April and early 
May it was Llthophragma bulbiferum that gave the burned area 
an early white bloom. Later in May and early June Lomatium 
triternatum and Balsamorhiza sagittata presented a conspicu­
ous yellow bloom. Finally, a profuse blossoming of Achillea 
millefolium in middle and late June returned the area to a 
white bloom, with the annual Clarkia pulchella providing a 
lavender understory.
The therophytes presented a mixed picture. The borage 
Myosotis stricta, which seems to be an indicator of micro­
disturbances in well-developed prairie, was one of the chief 
increasers. Collinsia parviflora and Phacelia linearis also 
showed increases. Some of the other annuals were adversely 
affected, possibly reflecting the susceptibility to fire of 
seeds already dispersed (this may have been the case with 
Microsteris humilis) or the time of the fire in relation to 
the stage of development of the plant (this may have applied 
to Plantago purshii).
Another result of the fire was reflected in the 
flowering frequency of certain taxa on the burn as compared 
to their flowering frequencies on the unburned area. A ratio, 
or percentage frequency, was obtained by comparing the number
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of flowering occurrences of a species with its total number 
of occurrences (by quadrats)* For instance, if a species 
occurred in 20 quadrats and flowered in 10 of them, its 
flowering frequency would be 10/20, or 50 per cent. Table 
X  compares the flowering frequencies of certain taxa that 
seem to have been affected *
TABLE X
COMPARISON OF FLOWERING FREQUENCIES 
OF CERTAIN TAXA ON BURNED 
AND UNBURNED AREAS
Burned Area Unburned Area
Agrooyron snicatum 5/31 (16^) 9/36 {25%)
Antennaria rosea 1/9 (11^) 9/13 (69^)
Festuca idahoensis 1/31 ( 1%) 16/If0 (40^)
Koeleria cristata 18/39 (46^) 6/3^ (18^)
Lomatium triternatum 29/38 {76%) 16/26 {62%)
Poa secunda 2^/ho {73%) 17/38 {hh%)
Those species that increased in abundance as a result 
of the fire also appear to have increased in reproductive 
capacity, and vice versa*
The total percentage coverage registered on the two 
stands was as follows :
Burned Area Unburned Area
71.6Grasses
Forbs
Totals
52.8 
68,6 62.0
121.4 133.6
COMPARISONS WITH OTHER 
GRASSLANDS
As was outlined in the literature review, Palouse 
prairie types have been described extensively throughout 
the Northwest. Clements (1939) discussed the application of 
the term Palouse to grasslands over a broad region as follows:
While the term Palouse refers to a particular region 
of the Northwest, its use is justified for the more 
extensive climax association, in which the striking bunch 
grasses, Agropyron spicatum and its variety inerme. are 
the characteristic dominants. It seems probable that 
the derivation of these from the widespread A, smithi 
(sic) was caused by a shift toward winter precipitation, 
which set apart the climate and climax of the Palouse 
region. This appears to have been a relatively recent 
event, since practically all the other dominants are 
those of the mixed prairie and the transition between 
the two is broad.
However, the use of "Palouse" as a definitive term in ref­
erence to prairie types can be misleading. For instance, 
in the above discussion by Clements nowhere does there occur 
a clarification of the Festuca idahoensis type of grassland 
that is part of the Palouse prairie west of the Bitterroots. 
Festuca idahoensis occurs in the description of a number of 
grasslands in the Northwest, and as this and other studies 
indicate, may well be the dominant of a drier phase of an 
extensive fescue grassland type.
Wright and Wright (19^8) reported the occurrence of 
F. idahoensis as a dominant in the Gallatin Valley of Montana 
in a grassland type that was compared to the fescue grassland 
of the Palouse prairie proper. Also, it has been reported
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north in the grasslands of British Columbia (Tisdale, 19^7) 
and Alberta (Moss, 19^^; Moss and Campbell, 19^6), Its 
occurrence in Canada, however, appears of little importance 
except in southwest Alberta (Moss, 19^^), where it is listed 
as a principal dominant along with Festuca scabrella and 
Danthonia spp. on black soil zones. North of this region in 
central Alberta F. scabrella predominates with F. idahoensis 
dominating only under disclimax conditions (Moss and Campbell, 
19̂ +6).
Festuca scabrella appears to be most abundantly repre­
sented in this central Alberta grassland and in its eastward 
extension on the north of the mixed prairie in Saskatchewan 
(Coupland and Brayshaw, 1953). The latter two authors suggest 
that the Festuca grassland of Alberta and Saskatchewan "be 
considered as a seventh grassland association, in the Clem­
ent si an sense, namely, the Festuca scabrella association."
It appears, then, that a fescue grassland type dominated by 
Festuca scabrella prevails in some of the northern regions, 
and that it extends to the south with Festuca idahoensis 
also appearing in the dominant role.*
* The distribution of the two grasses Festuca scabrella 
and F. idahoensis. as outlined above, poses what appears to be 
a provocative question. The two grasses occur together as 
dominants on some of the fescue grassland types in the North­
west, while in others only F. idahoensis is represented. The 
ecology of the two grasses, as suggested in this study and in 
the study of Moss in southwest Alberta (19^4), indicates that 
wherever F. idahoensis occurs, only a small improvement in 
the moisture balance is required for the occurrence of F.
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Daubenmire (1942) stated that although the centers of 
origin of Festuca idahoensis and Agropyron spicatum are not 
apparent, their ranges appear to center about the Bitterroots 
Thus, the ranges of many of the important grasses present in 
the local study region appear to center in neighboring, and 
in some cases, distant grasslands. The ecological diversity 
represented in the climax and disclimax grasses present 
places this region in an intermediate position between (1) 
the Palouse prairie to the west, (2) the fescue grassland to 
the north, (3) the mixed prairie to the east, and (4) the 
short grass prairie to the southeast.
Representatives of the Palouse prairie proper are 
Agropyron spicatum and Poa secunda. probably the most abun­
dant climax dominants now present on the local grasslands, 
and Festuca idahoensis, a climax grass greatly reduced from 
its former abundance but with much of the prairie very favor­
able to its growth.
Elements from the north that are present in the local 
grasslands are Festuca scabrella. Carex filifolia. and Dan­
thonia unispicata.*̂  Festuca scabrella occurs as one of the
scabrella. Moss noted, "Even the small variations of micro 
relief were often found to be accompanied by pronounced dif­
ferences in grass flora." Thus, it does appear as an anomaly 
that on the fescue grassland sites in the Gallatin Valley and 
on the Columbia Plateau (where climatic conditions are even 
more mesic than in the local study region) only Festuca ida­
hoensis . of the two fescue dominants, is represented.
* Danthonia unispicata constitutes a generic repre­
sentative since Danthonia intermedia and D. parryi were the 
species reported on the northern prairies.
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major dominants of this region. Danthonia unisnicata was 
noted only sparingly, but it appears in the Blackfoot Valley 
under circumstances so identical to those reported for Dan­
thonia spp. in the north that it was considered worthy of 
mention. It apparently maintains a climax role on the shal­
low soils, for instance, on crests of ridges, and invades the 
fescue grassland with the reduction of the dominants.
As previously reported, Carex filifolia occurs most 
abundantly in the Blackfoot Valley, particularly under inten­
sive grazing conditions. This sedge lends to the grassland 
a mixed prairie aspect. Clements (1939) stated that the 
short sedges, Carex filifolia and Ç. stenophvlla (eleocharis). 
have accompanied the boreal grasses in their migration from 
circumpolar regions, and that under grazing conditions they 
can constitute a short grass disclimax (similar to that of 
the Great Plains). He further stated that the "short sedges 
characterize the driest faciation of the mixed prairie." 
However, in the present study Carex filifolia was found asso­
ciated with the more mesic fescue grassland type; and in the 
study of Moss (19^4) in southwest Alberta, the fescue grass­
land type was found occupying the more moist sites in relation 
to sites of the mixed prairie type. On the other hand, Carex 
eleocharis (present in only minor amounts) was noted mostly 
in the drier Agropyron community type.
Three of the more important dominants of the Great 
Plains mixed prairie appear in the local study region either
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in a climax or disclimax status, Koeleria cristata occurs 
as a minor associate in the fescue community type and in the 
more mesic wheatgrass sites. It increases in importance with 
the reduction of the major dominants. Stipa comata and Agro­
pyron smithii may appear in almost pure, disclimax stands 
with the elimination of the native dominants in either com­
munity type.
Many of the Great Plains forbs also are prevalent on 
the western Montana prairies —  e.g., Achillea. Cirsium 
undulatum. Artemisia frigida. Grindelia squarrosa. Lomatium 
spp., and Plantago purshii. (See Weaver and Albertson, 1956.)
Poa pratensis appears in the local prairie in a role 
similar to that reported for it by Weaver (195*+) in the true 
prairie of central United States. Pastures of the more mesic 
fescue type can be found on which the native dominants have
been eliminated and an almost pure bluegrass sod now prevails
in a disclimax status. Poa pratensis also may prevail on the 
more moist swale situations. Weaver reported in the true 
prairie that "it is a rather constant component of both low­
land and upland prairie types (in a disclimax role)," and 
that it has a remarkable persistence in retaining the hold 
that it obtains on overgrazed pastures.
Aristida longiseta. an element of the short grass
prairie of the Great Plains to the southeast (Clements, 1920), 
also occurs in the local grasslands in a disclimax status. 
Shantz (1911) described the position of A. longiseta in the
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prairies of Colorado and Kansas as being intermediate between 
the short grass and bunch grass prairies. Similarly, A, 
longiseta occupies a subordinate position to the bunch 
grasses of the local prairie.
An important ecological adaptation of the grasses that 
prevail as dominants on the local bunch grass prairies is 
reflected in their phenology. Active growth is initiated 
early in the spring, and by the end of May the three princi­
pal dominants, Agropyron spicatum, Festuca scabrella. and 
Festuca idahoensis, are in anthesis, Poa secunda has pre­
ceded these grasses in its maturation. The representatives 
of the mixed grass and short grass prairies do not flower 
until mid June and later into July. Koeleria cristata. the 
one grass of the mixed prairie that does occupy a minor 
associate role in the native prairie, like the dominants, is 
in anthesis by the end of May.
SUMMARY
The subject of the study was the composition and dis­
tribution of the grassland communities in the region of Mis­
soula, Montana. The grasslands of the region occupy the 
xeric habitats within an intermontane system that supports 
coniferous forests over much of its area. For the purpose 
of the study two principal community types were recognized 
as prevailing within the study region. One is an Agropyron 
type dominated by Agropyron spicatum with Poa secunda in a 
secondary role. Grasses account for the bulk of the vege­
tation cover in this type, with the strong bunch grass habit 
of A, spicatum standing out in a fairly open community. The 
annuals Bromus tectorum. Festuca octoflora■ and Plantago 
purshii can become a significant part of the Agropyron com­
munity on sites with not too heavy soil.
The more mesic community type is dominated by Festuca 
idahoensis and F. scabrella. with A. spicatum and Koeleria 
cristata present in lesser amounts. Festuca scabrella is 
better adapted to the most mesic phases of this community 
type. The fescue type is characterized by a rich flora 
which contributes to a much greater forb coverage than is 
true of the Agropyron community type. The two dominants 
exhibit the bunch grass habit, but Agropyron spicatum tends 
to express the rhizomatous habit in this more mesic community 
type.
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The distribution of the two community types is mostly 
on a local basis, rather than on a zonal basis, with an Agro­
pyron site grading into a Festuca site wherever shifts in 
topography and exposure sufficiently improve the moisture 
balance. This distribution is modified in drier areas that 
are generally only favorable to the Agropyron community type 
and in the more mesic areas that are generally favorable to 
the Festuca community type.
Shrubs may occur under certain edaphic and climatic 
situations as codominants in the grassland. Purshia tri­
dentata occurs as a dominant on some deep sandy deposits.
Some of the more mesic shrubs appear in a shrub-grass asso­
ciation on sites modified sufficiently by edaphic or topo­
graphic factors. The occurrence of shrubs in the local grass­
lands often is the result of past disturbances. This is 
particularly true of Artemisia tridentata and Chrysothamnus 
nauseosus.
A study of the first-year effects of fire indicated 
an increase in certain of the grasses and forbs and a decrease 
in others. Coverage data showed increases for Poa secunda 
and Koeleria cristata and decreases for Agropyron spicatum 
and Festuca idahoensis. The data indicated no change for F. 
scabrella. Some of the more prominent forbs that occurred 
in greater abundance on the burned area were Lithophragma 
bulbiferum. Achillea millefolium. and Lomatium triternatum.
The presence of certain grasses indicate that the
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prairies in the region of Missoula, Montana, are in an inter­
mediate zone between the Palouse prairie to the west, the 
fescue grasslands to the north, the mixed prairie to the 
east, and the short grass prairie to the southeast. Agro­
pyron spicatum. Poa secunda. and Festuca idahoensis represent 
the Palouse prairie to the west. Festuca scabrella repre­
sents the fescue grassland to the north. Koeleria cristata. 
Stipa comata. and Agropyron smithii represent the mixed 
prairie to the east, and Aristida longiseta represents the 
short grass prairie to the southeast.
The transition from mixed grass prairie to bunch 
grass prairie is marked by a climatic change with summer 
precipitation decreasing and fall and winter precipitation 
increasing. The adaptation of the dominants to the ecologi­
cal characteristics of the region is reflected in the bunch 
grass habit of growth and their early growing and maturation 
period s.
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Flgo 2. The above 20 x 50 cm. quadrat was used in the 
vegetational analysis of each stand. It was marked off in 
sections to aid in the estimation of canopy coverage accord­
ing to six classes. Species that can be identified as occur 
ring in the quadrat are Agropyron splcatum on the left, 
Astragalus inflexus beneath the bunch grass in the center, 
and Achillea millefolium with the white bloom on the right.
F i g . 3. Looking west and north from University Mountain 
over a portion of Missoula and in the direction of the Clark 
Fork River drainage (the Clark Fork issues from Hellgate Can­
yon to the right), one can see the Tertiary terrace to the 
north of Missoula on the right, and in the background, the 
area of the varved silt deposit (deposited in "Glacial Lake 
Missoula"), which extends for about 15 miles west of Missoula.
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Flg, 4. The distribution of grassland on the west facing 
slope and of timber on the north facing slope of University 
Mountain is visible in the background. The Clark Fork issues 
from Hellgate Canyon between University Mountain and Jumbo 
Mountain visible in the left background. A piece of fescue 
grassland occupies the foreground with the forbs, particularly
Balsamorhiza 
dance due to
sagittate and Lupinus sericeus. present in abun- 
grazing pressure on the dominant grasses.
F i g . 5» A fescue grassland stand with Festuca idahoensis 
predominant in the foreground, but with the larger bunches 
of Festuca scabrella becoming more abundant towards the north 
slope in the background. Cirsium undulatum. Lupine sericeus. 
Achillea millefolium. and Balsamorhiza sagittata are some of 
the more conspicuous forbs.
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Flg. 6. The ecology of the three dominant grasses of the 
bunch grass prairies in the region of the study is demon­
strated in the above picture taken on a slope with a horseshoe 
bend, and thus, with a variety of exposures. (The picture 
was taken on the National Bison Range at Moiese, Montana.)
In the foreground on the steeper, more northern slope, Fes­
tuca scabrella dominates with some F. idahoensis and very 
little Agropvron spicatum present. In a narrow strip through 
the center Festuca Idahoensis is the dominant with Agropyron 
splcatum increasing in abundance as conditions become drier. 
Finally, in the dark area under still drier conditions with 
regard to slope and exposure, Agropvron splcatum becomes the 
dominant as F. idahoensis decreases in abundance. The light 
area in the background is a stand of Bromus tectorum that is 
dominating that portion of the site as the result of a past 
disturbance.
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Fig. 7. In the foreground is a community principally of 
Festuca idahoensis and Agropyron splcatum with some F. sea- 
hrella present on University Mountain, The shadowed strip 
across the center is a steepened slope judged to be an indi­
cation of an old shoreline of "Glacial Lake Missoula." The 
moisture advantage that accrues to this steepened slope and 
to the snow-holding declivity at the base of the slope is 
sufficient for Festuca scabrella to become the dominant.
F i g . 8. This site supports a rich stand of Festuca sca­
brella but none of F. idahoensis. possibly due to a very 
heavy soil condition. The stick is over three and one-half 
feet tall, marked off in four-inch segments. Some of the 
fruiting culms grew to well over three feet in length. The 
closed heads of Tragopogon dubius are quite evident, as is 
a Cirsium undulatum behind the stick.
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Fig. 9» An Agropyron community on the heavy, clay soil 
of the varved silt deposit (note the characteristic crack­
ing of the clay soil). This stand recorded the lowest forb 
coverage but the highest coverage of Agropyron splcatum of 
the six studied. for the Agropyron community analysis. A 
Chrysothamnus vlscldlflorus Is visible In the left background.
I
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Fig. 10* The most lush growth of grasses and forbs 
alike was recorded for a site dominated by Festuca Idahoen­
sis on the Tertiary terrace north of Missoula. The large 
bunch In the center foreground Is Agropyron splcatum. Be­
hind It Is a Geranium vlscoslsslmum. At upper left Is a 
Lupine sericeus and at upper right Is a LIthospermum ruderale 
Scattered throughout with the lobed petals Is the annual 
Clarkla pulchella.
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Fig. 11. A good stand of Agropyron splcatum on a gravelly, 
south facing slope in the Bitterroot Valley. The annuals 
Bromus tectorum. Festuca octoflora. and Plantago purshli 
form a significant part of this community in the spaces in he- 
tY)een the bunches of the dominant grass. Oddly enough, Poa 
secunda appears to be reduced in abundance as the result of 
grazing.
Fig. 12. The foreground is dominated by Stipa comata. an 
element of the mixed prairie that has invaded an area of dis­
turbance in an Agropyron community. A well-developed stand 
of Agropyron spicatum dominates the area in the background. 
This stand occurred in the eastern Hellgate Canyon region.
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Fig, 13* Bunch grass (Agropyron spicatum) on the left 
and in the background meets a dominant of the mixed prairie 
(Agropyron smithii) which has occupied the area in the fore 
ground and on the right as a result of a disturbance. The 
site is located on the heavy clay soil of the varved silt 
deposit west of Missoula,
F i g . l4. The perennial Aristida longiseta. an element 
of the short grass prairies of the Great Plains to the south­
east, is in the process of succeeding the annual Bromus 
tectorum as the dominant of this very much overgrazed site 
in the Bitteroot Valley.
103
ii'M
f, ïr
! 1 i , «
3%. '
Fig. 15. A piece of thoroughly degraded grassland that 
has been reduced to the annual grass and weed stage. How­
ever, Aristida longiseta. the bunch grass in the foreground, 
is becoming established. The weed is Verbascum thapsus and 
the annual Bromus tectorum.
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Fig. 16. A fragment of well-developed bunch grass 
prairie on the outside of the fence provides a contrast to 
the degraded prairie inside that is dominated by Balsamorhiza 
sagittata. Poa secunda. and Bromus tectorum. Verbascum 
thapsus is visible on the horizon.
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Fig. 17. The conspicuous clumps in the background are 
the basal portions of Festuca scabrella on a piece of fescue 
grassland that was burned on July 17» 1957* All three 
dominants of the local grasslands are present in the fore­
ground .
m
Fig. 18. The Festuca scabrella appeared to be little 
affected by the fire of the previous year, as evidenced by 
this healthy spring growth. The ring of live growth around 
a dead center demonstrates the way in which the bunch grasses 
are often found to grow.
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Fig. 19. Part of an overgrazed pasture on the varved 
silt deposit with Koeleria cristata and Poa secunda com­
posing much of the grass coverage, (Compare with Figure 
o.) The small shrub is Chrysothamnus nauseosus.
Fig. 20. Chrysothamnus nauseosus is shown here to be 
abundant in this pasture which has been subject to grazing 
in the past, while it is absent from a neighboring Agro­
pyron community that has escaped grazing for a number of 
years.
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Fig, 21. Sagebrush is abundantly represented in portions 
of the Blackfoot Valley, particularly on areas of deep mor- 
ainic and glacial outwash deposits. The climate of this area 
is the most mesic within the study region and is characterized 
by a heavy winter precipitation.
Fig. 22. Sagebrush was also found to be well repre­
sented in a broad drainage belt up Bearmouth Creek. Fes­
tuca idahoensis dominates the foreground. Sagebrush comes 
in next to the timber along the creek bottom and occurs 
irregularly throughout the drainage pattern toward Hellgate 
Canyon in the distance.
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Fig, 23. Shrubs present on University Mountain are 
closely associated with talus (as pictured here), gullies, 
and gully outwashes. Some of the shrubs represented are 
Symphoricarpos occidentalis, Physocarpus malvaceus. Arne- 
lanchier alnifolia. and Prunus virginiana.
a
Fig. 24. Over most of the west facing slope of Uni 
versity Mountain where the deeper soils have developed 
grasses dominate to the exclusion of the shrubs. The 
grassland in the foreground is dominated by Festuca sca­
brella and F. idahoensis.
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Fig* 25, A Purshia trldentata-Agropyron splcatum asso­
ciation prevails on an extensive and deep sandy deposit in 
the Bitterroot Valley, The dependence of P. tridentata 
upon this deep, coarse mantle for its establishment is 
clearly demonstrated at this gully. The gully marks the 
end of the sand deposit in this area and also marks the 
end of the occurrence of P. tridentata. Farming has elimi­
nated the association in the break at the right and severe 
overgrazing by sheep has done the same across the road to 
thé left. The Agropyron community on the clay loam soil in 
the foreground shows some effects of grazing. A few bushes 
of Chrysothamnus nauseosus are visible.
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